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The 121st meeting of the InstirurE was held this date, at 12 
West 81st Street, and was called to order by President Crocker 
at 8:30 P. м. 

Tue Presipent :—The Secretary has some announcements to 
make. 

Tue Secretary :— At the meeting of Council this afternoon, 
it was decided to hold the General Meeting of the Institute next 
summer at Omaha, if satisfactory arrangements could be made. 
This is in accordance with the resolution passed at the General 
Meeting at Greenacre, favoring such action. The fixing of the 
exact date and the perfecting of the arrangements were left to 
the Executive Committee. | 

The following associate members were elected : 


Name. Address. Endorsed by 
Banos, Caas. R. Special Agent, American Telephone Е. A. Pickernell, 
and Telegraph Co., 15 Dey St., A. N. Mansfield. 
New York. J. J. Carty. 


Beerse. M. C. Ass't. іп Electrical Engineering, D.C. Jackson. 
University of Wisconsin; resi- S.B Fortenbaugh. 
dence, 271 Langdon St., Madison, C. F. Burgess. 
Wis. 

Brown, Huon Tuomas Supt. of Electrical Dept., Selma Dr. E. L. Nichols. 


Gas and Electric Co., Selma, H. J. Ryan. 
Ala. Ernest Merritt. . 


Burcu, Epwarp P. Electrical Engineer, Twin City Geo.D.Shepardson 
Rapid Transit Co., 517 6th Ave. М. Н. Gerry, Jr. 
S. E., Minneapolis, Minn. E. W. Rice, Jr. 


Своскев, EBEN CLiNcH Electrical Engineer, American Jos. Wetzler. 
Ordnance Co., 29 Harriet St., R. T. Lozier. 


Bridgeport, Conn. Chas. Blizard. 
EL145, ALBERT В. Electrician, Davis Coal and Coke Chas. H. Davis. 
Co., Thomas, West Va. А. E. Braddell. 


M. J. Wightman. 


t 


2 ASSOCIATE MEMBERS ELECTED. 


GARFIELD, ALEX. STANLEY Engineer, Cie Thoinson-Hous- 
ton, 27 Rue de Londres, Paris, 
France. 


HeLLIcK, CHAUNCEY Granas Electrical Engineer, The 
Chicago Telephone Co., resi- 
dence, 193 Dearborn Ave., 
Chicago, Ill. 

Electrical Inspector, Kansas City 
Fire Dep't.; residence, 1702 Lo- 
cust St., Kansas City, Mo. 

Prosser, HERMAN A. Electrician, Baltimore Copper 

| Smelting and Refining Co., Key- 
ser Bldg.; residence, 1222 Madi- 
son Ave., Baltimore, Md. 


SwANN, Joun JosEPH Assistant Editor, Engineering News. 
220 Broadway; residence, 347 
West 34th St., New York. 


Swoore, C. Watton Instructor, Electrical Engineering, 
Spring Garden Institute; resi- 
dence, 12 North 38th St., Phila- 
delphia, Pa. 

General Electric Co. ; residence, 106 
Union St., Schenectady, N. Y. 


Moreay, JACQUE L., 


TACHIHARA, JIN 


[Jan. 26, 
E. W. Rice, Jr. 
C. P. Steinmetz. 
A. L. Rohrer 
J. J. O'Connell. 
A. V. Abbott. 
F. J. Dommerque. 


Edwin R. Wecks. 
Sam'l. Insull. 
Axel Ekstrom., 

F. B. Crocker. 

G. F. Sever. 

W. H. Freedman. 


H. J. Ryan. 
Edw. L. Nichols. 
Ernest Merritt. 
Wm. S. Aldrich. 
A. J. Rowland. 
Wm C. L. Eglin. 


C. P. Steinmetz. 
Ernst J. Berg. 
Eskil Berg. 


I presume that many of the members have read in the daily 
papers the sad intelligence of the death of one of our distin- 
guished fellow members, Mr. O. B. Shallenberger, for many years 
connected with the Westinghouse Electric and Manufacturing 


Company, as consulting engineer. 


Mr. Shallenberger died at Colorado Springs, on January 23rd. 


His funeral will take place on Saturday next. 


Mr. Shallen- 


berger was thirty-eight years of age and was a graduate of the 
United States Naval Academy. He became identified with the 
INsTiTUTE in 1888, and was transferred to full membership the 
same year. I presume that there are many of the members 
present who have had the pleasure of his personal acquaintance, 
and as soon as particulars of his death are received a sketch of 
his life will be published in the Transactions. 


A Topica? Discussion at the r2rst Meeting of the 
American Institute of Electrical Engineers, 
New York, January 26th, 1898. President 
Crocker in the Chair. Chicago, Manager 
Б. F. Arnold in the Chair. 


THE STANDARDIZING OF GENERATORS, MOTORS 
AND TRANSFORMERS. 


(A Topical Discussion.) 


Tue PrestpEnT:—Gentlemen, in taking up the discussion, 
which is the object of this meeting, it might be well to make a 
few statements as to what it is intended to cover, and the scope of 
it, as that matter has not been understood by very many of the 
members. The general desirability of standardizing electrical 
арро has often been spoken of апа seems to be very репег- 
ally believed in. The feasibility of it, or the policy of it, is an- 
other matter. If such standardizing is to be effected, this body, 
Tae AMERICAN INSTITUTE oF ELECTRICAL ENGINEERS, is un- 
doubtedly the only one which is competent to decide such a 
question. As to precedents, I think we have many excellent 
ones. І have here volume vi. of the Transactions of the Amer- 
ican Society of Mechanical Engineers, for the year 1884, and 
in it is a very elaborate report of the Committee on Standard 
` Methods of Steam Boiler Trials. This, I believe, was the first 
action of the American Society of Mechanical Engineers on this 
general line of work, and since then a number of other standards 
or standard methods of practice have been recommended b 
it. Other bodies, such as the American Soctety of Civil 
Engineers, and our sister engineering societies in England, have 
frequently taken such action. It is very common on both sides 
of the Atlantic. Therefore we should be doing nothing radical 
or unusual in establishing such standards provided they are 
found desirable. It might be said, of course, that since any 
hard and fast adoption or acceptance of a standard would not seem 
to be desirable, all these bodies, particularly the American So- 
ciety of Mechanical Engineers, have very carefully confined 
their action to a recommendation of certain standards, and they 
have taken particular pains that it shall not appear that the abso- 
lute adoption of a certain standard is imposed upon anyone. The 
individual members of the IwsrrTUTE or any other society, 
are not bound, morally or legally by any such recommendation, 
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although they would naturally followit. It is simply left to any 
person to follow it, as he sees fit, whether he is a member or 
not, and it is merely for the convenience of the members and the 
public generally that any such standards would be recommenced. 
I think those points may have been misunderstood very naturally, 
and might act as a very serious obstacle in carrying out any such 
work. Now, as to what the standards should be and how far any 
such action should go, that remains, of course, to be seen, and I 
think the desirability of such standards, what they shall be, and 
how far they shall yo, would be the natural subject of the discus- 
sion this evening. The general question of policy and advisa- 
bility is also a proper point for the members tu consider. 

I would call upon Mr. E. W. Rice, Jr., to open the discussion. 

Mr. Rice :— Before proceeding with the few remarks that I 
have prepared, I wish to say that I undertook to open this dis- 
cussion with considerable reluctance, seeing that | would not 
have time, perhaps, to do the subject justice. However, I hope 
that you will make proper allowance for my remarks, knowing 
that I have had very little time in which to prepare for this eub- 
ject. І have also not had an opportunity to discuss the matter 
with the Executive Committee, and so do not have clearly in 
mind the proposed limits of the discussion. 

The subject which has been selected for discussion this eve- 
ning, “ Standardizing of Generators, Motors and Transformers,” 
covers in its various aspects such a large field that it would be 
difficult to attempt anything more than a very cursory review. 

It may inclade the standardizing of the various types and sizes 
of apparatus, or the methods of rating, or of testing, or it may 
define such terms as regulation, ethciency, or set the limits of 
heating and of sparking; or again, in alternating current work, 
standardize the trequency. 

I assume that the chief object of a meeting of this kind is to 
discuss the subject thoroughly, and that if as a result of such dis- 
cussion it is considered that any useful purpose can be attained, 
the matter will be referred to a carefully selected committee with 
instructions to cunsult with the various interested parties and re- 
port its conclusions with recommendations to the INSTITUTE at 
some future date. 

The advantages of establishing certain standard types and 
sizes of apparatus are apparent and have beer fully recognized, 
ыны in this country, from the earliest days of electric 
ighting, which marked the beginning of the present electrical 
industry. Such standard lines have been arbitrarily determined 
by each of the different manufacturing companies, and have been 
built to conform to certain specifications, and tested in accord- 
ance with methods developed by experience. Competition has 
tended to increase the number of standard sizes and the develop- 
inent of the industry has added enormously to the variety of ap- 
paratus in use. I think it is generally recognized that the adop- 
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tion of such standards by the manufacturers and their acceptance 
by the public has been one of the greatest factors in the phe- 
nomenal development of our industry іп the United States, and is 
chiefly responsible for the present enviable position of our man- 
ufacturers of electrical apparatus as compared with other coun- 
tries. It has enabled our manufacturers to produce the standard 
lines selected, at phenomenally low costs, and has also resulted 
in an ene great improvement in the quality. Large sums of 
money have been expended in special tools, which, while reduc- 
ing the amount of labor per machine to a remarkably low figure, 
has, by the very means adopted for such economical production, 
improved the quality, because the manufacture of large quan- 
tities of duplicate apparatus has stimulated the manufacturer to 
spend these large amounts for tools and to organize, elaborate 
and perfect methods of manufacture. The history of the elec- 
trical business in this respect, of course, only parallels that of the 
bicycle, the typewriter, the sewing machine and other similar 
industries. | 

The importance of maintaining and extending, if possible, the 
policy whicb has enabled this country to sell apparatus in compe- 
tition with other countries, frequently in the face of protective 
duties, is probably so thorou i5 appreciated as to require no 
special pleading to obtain for it а hearty endorsement by those 
interested in the advancement of our industry. 

Results such as have been mentioned are largely dependent 
upon the manufacture in great quantities of exactly duplicate 
pieces of apparatus, a condition which can only be practically 
realized where the apparatus is manufactured under the control 
of one corporation. It therefore seems evident that even if it 
were possible for all the interested parties to agree upon certain 
standards, the advantages above mentioned would not be fully 
realized. The chief beneficial effect of such an agreement would 
be to limit the demands for special apparatus which may have to 
be manufactured by comparatively expensive and less perfect 
methods, and to increase the demand for the standard apparatus. 


I merely mention the above well known condition to illustrate 
in a general way the value of standards where they can be 
adopted, and to show that the manufacturer, while undoubtedly 
animated by selfish motives in advocating standard apparatus 
‘where possible, is at the same time advancing the best interests 
of the industry as a whole. 

However, I think that for many reasons it would be found 
impracticable and probably not for the best interests of the 
business to establish any such standard sizes or lines of apparatus 
which would be equally satisfactory to the designing engi- 
neer, the consulting engineer, the manufacturer and the user. 

Moreover, I do not suppose this InstrrutE would саге to at- 
tempt to introduce any standards which did not admit of definite 
determination or which the rapid evolution of the business would 
: soon render useless. | 
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There are, however, certain features of the subject under dis- 
cussion which it seems to me could and should properly be con- 
sidered by this Іхвтітсте. These features must be considered in 
every commercial transaction. 

I refer to the terms used to detine certain characteristics of 
motors, generators and transformers, and the method of deter- 
mining such terms. This subject has been considerably discuseed 
of late, and was ably set forth in a recent paper by Mr. S. D. 
Greene, read before the New York Electrical Society; which so- 
ciety has in consequence invited this [nstirvrE to consider some 

lan for standardizing certain apparatus, I think that all of the 
features mentioned by Mr. Greene as requiring standardizing in 
practice are important, and while I am not entirely sure that all 
admit of such standardizing, I believe they should all be consid- 
ered by this INSTITUTE. Í shall therefore follow very closely 
Mr. Greene’s list of subjects, adding one or two that have 
occurred to me upon a brief consideration. I shallalso endeavor 
to give additional facts bearing upon these subjecta. 


1. Definition of efficiency. 

2. Heating limits and methods of determining same. 

3. Regulation, as applied to р. c. generators, to motors, to 
transformers, to A. c. generators, A. c. motors, ete. 

4. Sparking in р. c. machinery. 

5. Insulation— methods of testing same. 

6. Rating. 

7. Frequency of alternating current machinery. 


lst.— Efficiency. The efficiency which is of practical value is 
the so-called commercial efficiency, that is, the ratio of the en- 
ergy input to the useful energy output, thus accounting for all 
losses. In early days the term “electrical efficiency” was 
frequently confused with the term * commercial efficiency," and 
even at the present time tlie confusion sometimes occurs. Even 
the term * commercial efficiency " needs more exact definition as 
it is customary in direet coupled machinery, that ie, machinery 
coupled directly to a prime mover, such as а steain engine, wa- 
ter wheel, gas engine, ete., to charge the mechanical losses, fric- 
tion and windage, to the prime mover. [n belted machinery the 
mechanical friction losses are charged against the electrical ma- 
chinery. There are excellent reasons for the existing practice, 
but such practice at least needs standardizing. 

2d.— eating. While it would be obviously impracticable, 
even if it were desirable, to adopt any definite number of degrees 
increase of temperature above le air asa standard, because of 
the different conditions of service and design of apparatus, it 
would nevertheless be desirable to detine the methods of deter- 
mining any increase of temperature. Increase of temperature is 
now sometimes measured by thermometer and $0metimes by in- 
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crease of resistance of the copper conductors. It is evident that 
in some cases the first method may be better, in other cases the 
latter. І think that the standardizing of the propergmethods in 
all cases would be desirable. 

8d.— Regulation. І omit in this connection any reference to 
direct current machines, and select for illustration alternating 
current apparatus. In alternating current generators the term 
regulation has now several different meanings. First, the per- 
centage of drop in pressure at the armature terminals from no 
load to fuli load with no load excitation of field. Second, the 
Ee increase of voltage from full load to no load with full 

oad excitation. Third, the percentage increase in field ampere- 

turns required to maintain constant potential at armature termin- 
als from no load to full load. Fourth, percentage decrease in 
field ampere-turns from full load to no load to maintain constant 
potential at armature terminal. Fifth, the relation between nor- 
mal full load current delivered by the machine and the current 
produced on short circuit with an excitation of the field corres- 
ponding to full normal load. All of the above definitions and 
several others, I believe, are in use among engineers. 

4th.— Sparking, or rather the limits between which freedom 
from sparking shall be demanded in commutating machines, is of 
importance to all qut It isadmittedly an extremely ditlicult 
matter to standardize. I doubt if any entirely satisfactory scien- 
tific definition of the terms used commonly in discussing such 
matters can be found. The subject is, however, worthy of con- 
sideration. 

oth.— /nsulation breakdown tests. It is becoming common to 
epecify that the insulation of а generator or motor shall with- 
stand certain breakdown tests by being subjected to a pressure 
considerably higher than that of operation. While it is possibly 
too early, in view of the rapid development of the art to deter- 
mine definitely the limits and exact conditions of such tests, the 
question could very profitably be discussed and perhaps some 
recommendation of value made. 

6th.— Rating of alternating generators. It is customary in this 
country to rate alternating current generators on the basie of 
volt-amperes output. Abroad in certain instances the rating is 
based upon the volt-amperes output multiplied by an assumed 
cosine of angle of lag, кау .8. It may be desirable that the 
method adopted in this country should be standardized. 

Tth.— Frequency of alternating current machinery. Alternat- 
ing current machinery is being built for frequencies of 25, 30, 
33, 40, 50, 60, 66, 125 and 133 in this country. Whileexcellent 
engineering reasons have presumably in every instance dictated 
the selection of each of the above frequencies, it is probable that 
the number selected for standardization need not be over three 
or four at most. In such event the engineer would still be able 
to select from the standards adopted, a frequency which would 
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properly meet the various conditions of generation, transmission, 
and service, etc., which he is called upon to solve. The net re- 
sult would undoubtedly be beneficial to all parties—the engineer, 
the manufacturer and the consumer. 

In the above remarks I have not attempted to do more than 
give an extremely brief review of certain phases of the subject 
under discussion. The subject is too Jarge to be treated exhaust- 
ively at this evening’s meeting even if one had the time and 
ability. In concluding, I wish to repeat the suggestion advanced 
in the beginning of my remarks, namely, that no practical ad- 
vance is liable to be made in the consideration of these important 
questions unless the matter is referred to a small committee of 
members of this INerrrvrE. This committee should be instructed 
to confer with manufacturers, consulting engineers and promin- 
ent users of electrical apparatus, and report its recommendations 
to this INSTITUTE. 

Мк. W. А. Mosscrop, (Communieated) :—Mr. Chairman and 
gentlemen: there could hardly have been selected for discussion 
by the IusrrruTE's members a subject more broad in its scope. 

To standardize generators, motors and transformers will re- 
quire the formulation of specifications covering : 

Ist. The physical properties of the materials used in the con- 
struction of their several parts. 

2nd. The proportions of general features that are common to 
the product of the different shops in each class. 

3rd. The design of special details of con-truction for the differ- 
ent sizes of the different classes. 

4th. Methods for testing. 

The statement is axiomatic, that the formulation of specifica- 
tions covering these points is the duty of the engineers. 

The question that presents itself is, whose engineers—the man- 
ufacturer’s ог the buyer's? 

The decision of this question should be governed by a deter- 
mination as to whois to be held responsible for possible failures in 
the performance. If it is to be the engineer for the buyer, then 
it is his right to formulate specifications covering such features 
as in his opinion will ensure successful performance. If, on the 
contrary, it is to be the manufacturer, then he should be allowed 
a voice in the formulation of specifications, covering the details 
of design and manufacture. 

When there is under consideration the construction of work 
of special magnitude or of special requirement, the buyer's engin- 
eer will in general make the specifications. He will best serve 
the interests of his employer if he gives due consideration to all 
the manufacturing experience he can get. When һе finds con- 
flicting statements, his is the duty of deciding so that his em- 
plover will get the best and the most for his money. 

When we consider the design of details of construction of ma- 
chinery for the general market, which calls for standard sizes, 
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they are found to be matters whose choice is largely governed by 
shop practice, convenience and cost. Many of them are born of 
shop experience based upon theory. As such they are matters 
belonging to the manufacturer, and it will be certainly impossible 
for the InstirurE as a body to undertake the formulation of spec- 
ifications covering them. 

There are, perhaps, some general features of quality, design 
and test, for which standard specifications can be formulated, but 
it seems hardly possible that all the conditions governing the de- 
sign of electrical machinery have yet reached the stage where one 
standard can be adopted for all manufacturers. It would seem 
that the certain way to obtain standards covering these points 
would be for those who are in possession of facte of interest and 
value in this connection to present them before the Institute by 
papers or by communication. 

The method by communication possesses features of consider- 
able merit, and its extension would result in bringing into clo- 
ser touch with the members in New York and Chicago those who 
reside at a distance from these two cities. In this way standards 
would be obtained by virtue of a system of natural selection in 
which the fittest only would survive. 

Some manufacturers, of course, obiect, and very properly too, 
to their engineering force presenting before the engineering soci- 
eties new points within their experience, because their general 
publication might lower their value to a private holder. 

We are, however, permitted to enjoy the fellowship of some 
of the brightest minds in the engineering profession who are con- 
nected with manufacturing interests. Much of their knowledge 
will be available to us as they find that its publication will not 
conflict with the interests to which they owe their first duty. 
And engineers who receive compensation for their services owe 
their first duty, in this respect, to those who employ them. 

It is the manufacturer's duty to standardize his product. It is 
our function to help him and his employees to the attainment of 
the knowledge necessary for the successful manufacture of elec- 
trical machinery, and to help the buyer to make a proper selec- 
tion. It is our businese to bring out the facts by means of papers, 
communications and discussions, and it is the business of the man- 
ufacturer and the buyer to apply them. Those facts that com- 
mend themselves generally will be generally adopted, and will 
become standard by virtue of their fitness, and no other can be 
forced. If, however, there is a general belief that by formulating 
specifications covering some of the general requirements of the 
machinery under discussion we would advance the interests of the 
science with which we are connected, there can be most certainly 
no objection to our doing so. The subject needs, however, to be 
restricted before a plan can be outlined. 

Mr. Rospert T. Lozier:—-I think the subject is an extremely 
broad one, but one that would be Letter handled in a;small com- 
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mittee that could consider it in all its different phases. I think 
the general limitations are pretty well established for commercial 
purposes, І ат speaking now only of direct current apparatus, 
not of alternating. [I think we are doing very well at present on 
the existing standards. There are some details that would un- 
doubtedly develop when the matter is placed in the hands of a 
committee, but any movement in that direction. undoubtedly 
would result in a great deal of good to both manufacturers and 
consulting engineers—and, incidentally, of course, to purchas- 
ers. 

Тнк Presment:—The appointment of a committee would be 
the natural action to be taken as the result of this meeting, but I 
think the committee would be very glad to have all the light pos- 
sible upon the subject, and particularly the sense of the meeting, 
the general sentiment in favor of or against this idea, and how far 
it ean go. I think the committee can take care of the details of 
such a question, but it is anxious to know the general sentiment 
which is very hard to get, except from a meeting. So the more 
light that is thrown on this subject, the more opinions expressed, 
the easier and more successful will be the work of tlie connnittee. 

I will call upon Dr. Kennelly to speak upon this subject. 

Dr. А. E. KxrNNELLv : Mr. Chairman :—I think that the re- 
marks we have listened to from Mr. Rice are so excellent that 
they require little amendment, at least on my part. I think the 
work of the Institute in regard to standardization should lie in 
the line of definitions, and not in the line of saying what should 
be, or should not be good apparatus, or what should or should not 
be good standards of apparatus. [think there area good шапу 
pr which are used which have ditferent meanings, and which 
ead to a great many disputes, and if those phrases and detini- 
tions were formulated and standardized by the IwsrirvTE, they 
would be of great assistance to the business and to all concerned. 
I think that is the proper province of an institution such ав ours, 
in assisting and developing the business which it is our pleasure 
and advantage to promote. The questions of what regulation 
should mean, what temperature elevation should mean and how 
it should be measured, what efficiency should mean, etc., are em- 
inently practical and proper technical questions which I think 
might save agreat deal of trouble and dispute if they were set- 
Пед and defined with the recommendation of the Insritcre. 
They would facilitate progress and enable people to understand 
each other with greater precision than they do at present. But 
] should be inclined to regard with disfavor any attempt made to 
standardize apparatus in any other way then by the process of 
evolution among business intereste. 

THe Presipent : — This report that I referred to I think is of 
sufficient interest and application to the present case to justify 
me in speaking of it further. The committee that made the 
report consisted of Messrs. William Kent, J. C. Hoadley, R. H. 
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Thurston, Charles E. Emery and Charles T. Porter. The re- 
port itself is eleven pages long, and is followed by a code of 
rules for boiler tests, of forty pages, going into great detail and 
specifying just how these tests should be made; and while we 
have no such complicated problem as that, fortunately for us, it 
shows that it is common practice in that important profession and 
one that has produced successful results, to standardize the 
methods of test even to the extent of going into great detail, and 
our simple problem of deciding what method should be used in 
measuring temperature rise is à very small matter compared with 
the elaborate details given in this code of rules here, and it would 
therefore be safe for us to go into detaile. A general statement, 
and fairly specific rules as to how these tests should me made is 
desirable, particularly when it is remembered, as I have pointed 
out, that they are mere recommendations; as to whether any- 
thing more than recommendations as to methods is to be given 
isa point I think that ought to be considered, because I think 
that would be a very important one in the deliberations of the 
committee. If the general sense of the IxsriTUTE is unfavorable 
.to it, the committee would not have to consider that question 
at all; but if that question ie brought in, it will be very difficult 
for them to decide just how far it is advisable to go. Mr. Rice 
suggested that three or four different frequencies would cover 
most ranges that were required in practice ; whereas, as a matter 
of fact, we have many more than that. It would be interesting 
to know whether the various speakers would consider that a 
p matter for standardizing. lthink we all are somewhat 
iampered with the notion that this is going to be an absolute re- 
quirement from which there is no escape. There is nothing in 
these recommendations—if they are ever made—to prevent any- 
one from making another frequency. It will simply be an intlu- 
ence against multiplying frequencies, which in my opinion are 
absolutely unnecessary. Personally, [ confess, I would like to 
see the standards adopted—not forced on the public, but simplv 
adopted for mutual convenience, in the same way that standard 
screw threads are adopted—not that you cannot make another 
screw thread if you see fit, for certain purposes; butit is for the 
common convenience of all concerned that certain standards 
should be adopted. 

Mr. Townsenvy Worcorr:—If I understand the situation, 
there are two ideas about standards—one, recognized standards 
in methods of testing; and the other, standard apparatus itself. 
Is that correct ? 

Тнк Presipent :— That seems to be the way the discussion 
Bhapes itself. 

Mr. Могсотт:—1 think recommending standard methods of 
testing is a very good idea. So far as the apparatus is concerned, 
I think it will eventually standardize itself, in the same sense ip 

which you have been speaking ; that is to say, (we. have standard 
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voltage for constant potential continuous current. We have a 
so-called 110, which may be anything up to 125. -If anybody 
wants another voltage, he gets it, but there are a great many 
. more machines built "with that, and the double voltage, 220, than 
there are of the termediate ones, Dr. Kennelly remarked 
about the commercial conditions of the case. I think that is 
what determines it, and I think these odd voltages are disappear- 
ing. I know they are discouraged by manufacturers. If asked 
for a machine of an odd voltage forany purpose now, the manu- 
facturer will always tell von: We can give you that "machine if 
you want it, but it will cost more ; and that is about as strong an 
argument with most people, to stick to standard voltages, as I 
can think of—they have got to pay more for the others. 

Tue Prestpent :—If there is that influence that Mr. Wolcott 
speaks of, that anything but standards, after they are adopted, 
would naturally cost more, and therefore their use discoura ed, 
that should be the fact, but not always is the fact. I think there 
is a tendency on the part of a good many people to prefer some- 
thing that is not standard for some reason that is entirely unin- 
telligible to me, and it is desirable, I think, to protect ourselves 
against such individuals that such standards should be adopted. 
The general question, of course, as Mr. Wolcott says, seems to 
divide itself into methods of testing and the standardizing of ap- 
paratus. There seems to be а nearly unanimous approval of 
standard methods of testing, but considerable doubt, in fact 
m opinion, in regard to standardizing apparatus. 

CARY р. Игтенгхвох :—1 think, with the other speakers, 
d ес is по question as to the advisability of doing some- 
thing in this direction. The difference of opinion seems to be 
how far we should go. 1 doubt the advisability of attempting to 
establish standard methods for testing different machines. Such 
things, I think, take care of themselves. On the other hand, I 
do think that standards of performance should be established, 
and that incident to this, the meaning of such terms as © regula. 
tion," “etticienecy,” “ heating limit" and others should be clearly 
defined. As the matter now stands, many electrical manufaetur- 
ers will accept any specification from engineers, hoping, in case 
thev fail to comply with its terms, to clear themselves by some 
dispute on the definition of the terms employed in the specitica- 
tion. Hence I think we would better specify conditions of per- 
formanee, and define clearly the terms involved, rather than 
attempt to outline standard methods of testing. 

There is by no means an agreement of practice between the 
different electrical manufacturers, even in such old matters as the 
design of small direct current machines. I have recently found 
the greatest diversity in machines of this type made by the diff- 
erent manufacturers. 

I agree with Mr. Rice that this work should be done by a 
committee. I think that this committee should be a small one, 
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composed of members who can get together conveniently and 
frequently. In other words, that it should be & working com- 
inittee rather than an honorary one. Moreover, I do not think 
that any electrical manufacturing companies should be repre- 
sented on this committee. To have all of them represented 
would make tle committee cumbersome; to have one or two 
represented, and exclude the others, would prejudice the work 
at the outset. I think the committee should ш the most 
friendly relations possible with the different manufacturers from 
whom, of course, it would be necessary that the committee should 
get much data and information. Representatives of the different 
с should be invited to consult with the committee, and 
it is highly probable that it would be proved advisable to make 
various tests at some of the different factories. For all these 
reasons I think it would be highly inadvisable to have the differ- 
ent manufacturers directly represented. Not one of them, I be- 
lieve, would be willing to give free access to its shops to a com- 
mittee composed of members of rival companies. 

Tue Presipent:—The matter that Dr. Hutchinson referred 
to, the composition of this committee—is a most important ques- 
tion, and it would be well, I think, if this matter were discussed 
as to whether manufacturers should or should not be actual 
members of that body. 

I will eall on Mr. Lieb for his views on this subject. 

Mz. Јонх W. Likg, Jg.:—I fear that I cannot add much 
to what has already been said on a rather broad subject. 
As to the desirability of standardizing types of apparatus, Ї am 
inclined to agree with what several of the previous speakers have 
said. It has been pointed out that the electrical industry bears 
the stamp of the general tendency of American manufacturing 
methods—construction, so as to secure interchangeability and du- 
plication of parts. I think that the electrical industry, as of 
more recent development, has profited perhaps more largely than 
other industries by American manufacturing methods by using 
labor saving devices, working by jigs, templates and other de- 
vices for rapid duplication of parts. This is somewhat in contrast 
with European methods in similar industries, where, I think, a 
marked tendency is manifest to depart from standard types. 
This is the case, for instance, with direct driven dynamos, partic- 
ularly if they are driven by turbines. Each turbine, practically, 
is designed and developed for the specitic case, considering par 
ticularly the conditions of fall, discharge, ete. The result is, of 
course, the most efficient type of apparatus to fill each condition. 
It must, however, be admitted that it is rather ап expensive 
method, each construction requiring special patterns and special 
development. I believe that the IxsrrrvrE would be doing val- 
uable work for the industry generally, for the manufacturer and 
for the purchaser alike, if it could take hold of the work, and 
starting with certain detinitions of quantity, follow on to define 
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or recommend what should be reasonably expected from a stand- 
ard piece of apparatus as regards capacity, insulation and other 
characteristics that have already been touched upon by previous. 
speakers. 

I would like to point out one, I might almost say insignificant, 
phase of this question; its relation to electricity supply compan- 
ies. The tendency to-day is away from the practice that obtained 
at one time of basing the charge for current delivered to electric 
motors, on the capacity of the motor, or the charge of a flat rate 
per month per motor, based on its horse-power. While we have 
gone beyond that stage of the industry, it is still the practice of 
many companies to consider the rated capacity of the motor asa 
factor in its system of charges for current, fixing a minimum 
charge per month, depending upon the size of the motor installed; 
the horse-power capacity of the installation, its equivalent in kil- 
owatts or 16 eandle-power lamps entering as a factor in fixing the 
rate. I will not go too far afield in this direction, as it is com- 
po one of the unimportant elements. The committee 

aving in hand such an important pices of work should, as sug- 
gested by one of the previous speakers, be untrammelled by any 
direct relations with the manufacturing companies. I am sure 
the manufacturing companies would be most happy to place at 
the disposal of the committee, all the information and practical 
data which thev have at command, but it seems to me it would be 
undesirable for any manufacturer to be represented on the com- 
mittee. I should think they would prefer not to be directly 
represented. On the other hand, it would certainly be desirable 
that the committee should profit by consulting with those who 
represent the different classes of service to which the apparatus 
is put. It might be desirable to have apparatus which is used in 
an isolated plant eonform to certain conditions of overload and 
regulation, while apparatus in a large central station should sat- 
isfy other conditions; the committee will probably find it ditt- 
cult to formulate any general rules or specifications covering all 
conditions of service, but they would certainly do very excellent 
work by setting up some standard for general reference in order 
to minimize the questions which are constantly arising along the 
lines of the diseussion this evening. 

Tue Prestpent :—I think Mr. Lieb is right in saying that the 
manufacturers would probably prefer not to be on that com- 
mittee; but it is open to question, I think, whether if it were 
composed entirely of purchasers of the apparatus it would be 
as competent a committee as if it were composed entirely of 
manufacturers. There are three sides to the question, as Mr. 
Rice has pointed out in his paper.—the manufacturer, the pur- 
chaser and the consulting engineer, and leaving out any one of 
them you do not necessarily produce any better result. I would 
like to have Dr. Kennelly speak on that point. In private con- 
versation he has taken a ditferent position and I would like to 
have that eide of it expressed. 
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Dr. Kennetiy :—The attitude taken by the different speakers 
this evening upon that point as to how the committee should be 
. made up, is somewhat different from the manner in which I have 
thought about it. It seemed to me that having a committee to 
recommend how manufacturers should make apparatus, without 
having any manufacturers on that committee, was something like 
playing Hamlet with Hamlet left ont. This is a matter which 
vitally interests all manufacturers. It is for their benefit, as well 
as for the benetit of those who purchase from the manufacturers, 
that such a committee would ultimately be doing this work, and 
in some way or other the manufacturer must be consulted, 
whether they are consulted by having them off the committee 
and asking them what they think, or whether they are consulted 
by having them on such a committee and assisting the lucubra- 
tions of the committee with their actual presence, is a question 
which admits of several considerations. I think there is one ad- 
vantage of having manufacturers on the committee—it would be 
a safeguard against anything being recommended by the com- 
mittee which could possibly give umbrage to other manufacturers, 
because I think that if one manufacturer saw a recommendation 
going into the report of the committee that would look like un- 

air play, he would be the very person to object toit, and I think 
it would be a good safeguard against any injudicious recommen- 
dations being боша} But I think that this is a matter of 
opinion, because sooner or later the manufacturers must be con- 
sulted. 

Tue Presipent:—I will call upon Mr. Duun to discuss this 
question. 

Mr. Gano S. Dunn :-- The problem as it has been discussed 
increases so greatly in magnitude that I fear our action will be 
discouraged. Let us not attempt to deal with the whole matter 
or to cover the whole field at once. I recommend the appoint- 
ment of a permanent committee that shall sit through several 
years, and from time to time, as convenient subjects come up, 
shall standardize and dispose of them. For instance, the methods 
of measuring temperature rise could be dealt with immedi- 
ately. 

At present three standards of temperature increase are in 
vogue, and while believed by many engineers to be nearly equiv- 
alent, are different to a great degree. One requires that the rise 
of temperature in no part of a machine shall exceed the speciti- 
cation limit. Another, that the rise of temperature as measured 
by thermometer shall not exceed the same limit, and another that 
the rise of temperature as measured by increase of resistance shall 
not exceed the limit. 

I have in my hands details of certain experiments which I will 
not now give, because I see the discussion has been trending in 
another direction, but the results show temperature measurements 
by thermometer differing in some cases from temperature meas- 
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urements by resistance, by over 100 per cent., while in other 
cases the two methods reach a result different by only 20 per 
cent. 

An immediate action that the committee could take would be 
to declare that in the opinion of the AMERICAN INSTITUTE ОЕ 
ErrkorRicAL ENGINEERS, the most accurate method of measuring 
temperature increase is by increase of resistance, and that 
as this method gives results considerably higher than the ther- 
mometer, the limits of rise should be newly set to be eqivalent to 
what has been the standard under the latter method. 

This would settle the controversies arising over specifications 
where no method of measurement is specitied, and would also di- 
rect attention to what the investigations of the InstrrurE would 
have determined to be the most accurate method. 

With regard to the composition of the committee, I think it 
would be very wrong to omit the manufacturers ; as wrong as to 
omit the consulting engineers. I am not able to propose a solu- 
tion, but mv objection would be overcome by the appointment of 
members who are not manufacturers provided they had been at 
some time. The experience derived from actual contact with 
factory methods, is absolutely necessary to the successful deter- 
mination of the questions affecting standardization of apparatus. 

Mr. Н. B. Cono:—It seems to me that the proper way to do 
is to have two committees ; not two committees in the INSTITUTE, 
but one a committee of the IxsrrrvTE, and the other a committee 
of manufacturers formed outside to consider their present stan- 
dards. Of course, al] manufacturers have their present standards. 
On Ше other hand, the committee of the IxsrrrvTE could, as Dr. 
Hutchinson states, suggest something that the manufacturers 
might work up to. Of course, if a manufacturer does not have 
to make new patterns, he considers himself so much better off, 
and naturaly will not make new patterns if he can help it, 
whereas the committee from the InsrircTe might suggest to the 
manufacturer improvements which he could from time to time 
adopt. There is one point, it seems to me, on which the Іхзті- 
TUTE could do something, and that is in the matter of alternating 
current, especially with reference to motors. The great number 
of frequencies we have to contend with makes it almost iim possi- 
ble for a man to sell a motor of his own make to go on anything 
but his own generator. It is very seldom that a motor of one 
system will work on that of another, satisfactorily. Of course, I 
realize that this is one of the arguinents used to sell complete 
plants of one make. | 

It seems to mea very good idea to have this matter taken up, 
but I agree with Dr. Hutchinson that manufacturers are hardly 
the proper persons to Wer on tlie committee, unless there is a 
representative from each of the manufacturers, it being, in my mind, 
very ditlieult to satisfy one manufacturer that another manufac- 
turer is not prejudiced in his own favor. 
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I think the subject of alternating current, especially in regard 
to transformers and motors, would be a matter which could be 
readily brought up and discussed with a great deal of advantage. 

Тнк Presipent :—I doubt very much if the action taken will 
be far enough. The conservative idea that seems to prevail will 

revent, I think, any action being taken which will discriminate 

etween manufacturers. I think the action taken will be so very 
general that it will not fall hard on any individual. The idea at 

resent seems to be that only a very general action should be ta- 

en, and I think it would not affect one manufacturer much: more 
than another. It is simply the manufacturer’s point of view in 
general, I think, that Mr. Dunn has contended for rather than 
any particular manufacturer’s point of view. 

R. FRANK A. Partrison:—It seems to me that we should 
consider why this question is brought before the Instirure. 
There is evidently some cause that has made this question what 
we might call in electrical circles the living question of the day, 
and it seems to me it is due to the fact that we cannot understand 
each other. The manufacturer does not understand the engin- 
eer. The owner does not understand the engineer. The owner 
does not understand the manufacturer. Now, when two 
men start out in a discussion and want to arrive at some dofinite 
conclusion, the first thing that thev reasonably agree upon is cer- 
tain definitions which, if used, mean certain things and cannot 
mean anything else. Now all the disagreements that have come 
within the scope of my experience have arisen from thie fact that 
people did not understand each other, simply because they did 
not understand the terms used in the same way. Therefore, it 
would appear that the solution of the problem is not in the stan- 
dardization of the apparatus, which is an impossibility. Stan- 
dardization of apparatus is à natural growth, and the minute you 
attempt to arbitrarily standardize anything that is going 
through a natural growth, you at once stint it, and it seems to me 
far from the right path of this IxsrrruTE to attempt in any way 
to standardize ihe apparatus itself, which practically means that 
a 50-kilowatt machine shall be a 50-kilowatt machine “ INSTITUTE 
standard " for example, that that means one thing, and that it 
eannot mean anything else; that whenever that term is used it 
must always mean the same thing. That is an impossibility. 
Standardization cannot be attained in that way. Ав to the com- 
mittee which should take this question up, it seems to me that 
in a body of the standing of the AMERICAN INsTITUTE oF ELEC- 
TRICAL ENGINEERS that hs have no need to fear that the action 
of any of their committees will be questioned on account of the 
composition of that committee. Therefore, I am of the opinion 
most decidedly that that committee should be appointed by the 
Chair апа should be composed of men who in the Chairman's 
opinion are best suited, regardless of whether they are manufac- 
turers, engineers or users, and that that committee should be a 
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permanent committee; that that committee should define terms 
to be used, but should not attempt in any way to define or stan- 
dardize apparatus at first, and that it should deal not only with the 
M that are before us to-day, but thatany questions wherein 

efinitions arise that need standardization should come within 
the scope of that committee, and that it should be a permanent 
committee of the INSTITUTE. 

Mr. Lozier:—My thoughts are very much in line with what 
Mr. Pattison says. I would like very much to get the sense of 
the meeting as to whether they think the standards should be 
passed only on safety limitations instead of what would be desir- 
able performance of the apparatus. I think in a great many in- 
surance standards laid down for boiler testing, and also for steam 
engine testing, the terminations there are on certain fixed lines 
which do not necessarily call for desirable performance, but that 
in fixing the linee on which the tests should be made, the appar- 
atus is restricted to certain safety factors. Now if we could de- 
termine for motors, for example, (or for dvnamos) what was an 
exact safety limit for a 10-hour operation, that safety limit could 
be modified for different types and forms of machines. This is 
.& point on which I ш like to have an expression of opin- 
ion. 

Tue PresipEent :—I do not understand exactly the points you 
desire to bring out. 

Mr. Lozirr :— The point ie this: Cannot the IwsrrrUTE lay 
down certain safety limits? It would seem to me that for in- 
stance the question of sparking—of course, this is rather hard to 
determine—but take the question of temperature alone. That 
has a certain safety limit that I think the Instirure could deter- 
mine. Of course, there are other determinations that I think 
would appear desirable, but at the moment I have more particu- 
larly in mind the question of temperature, and if it would not be 
best to have those safety limits determined by such a committee 
rather than what they would consider to be a desirable tempera- 
ture. One man, for example, might think it would be desirable 
to have 35 degrees C. for a 10-hour run, while another man 
would want 33, while the safety limit could be used as a fixed 
quantity. | 

Tne Presipent :—Do I understand that you desire to have an 
expression of the sense of the meeting as to the actual safety 
limit, as to the desirability of specifying a safety limit for a rise 
of temperature ¢ 

Mr. LozikR :—Yes, that general feature. І think that would 
give us one of the quantities that should be о within the 

imits of safety. I do not think that limit has ever been posi- 
tively determined. We have arrived at 40 degrees C. That 
seems to be the generally accepted safety limit. That might be 
во, but it might fe less than that. It might be greater. But it 
seems to me that we could arrive at certain fixed constants that 
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would represent elements determined by the safety factor in dis- 
tinetion to what would appear to be desirable performance. I 
think “desirable features " is an open question. 

I think this general plan of safety limits can be made to apply 
to more than the temperature, but I simply state that as an in- 
stance. 

Tue Presipent :—Before putting this or any other question 
to vote, I think it would be well for the discussion to be com- 

leted, and it would also be well, I think, for the INstiTuTE to 
decide whether it cares to vote on these specific questions or not. 
Any question on the subject is in order. 

Mr. F. V. Hrensuaw:—It seems to me before we go into 
these specific details as to what is to be standardized, and so on, 
it would be rather well to decide as to whether we will adopt the 
suggestion of a standing committee to take up these matters. I 
would like to say one thing in regard to the personnel of that 
committee. I donot quite understand why the InstiTuTE is 80 
rough on the manufacturers. The standards which we have, and 
we have quite a number, as the result of a good many years of 
evolution, have all been developed by the manufacturers endeav- 
oring to meet the demands of the public, and really to-day the 
best practical data we can get anywhere is from the published 
catalogues and tables of the various manufacturers. I further- 
more agree with the recent speaker that members of the Insti- 
TUTE ought to be like Ceesar’s wife, above suspicion, in regard to 
furthering their own interests, and furthermore these recommen- 
dations will be submitted to the whole IwsrrrvTE, undoubtedly, 
before they are finally authorized by that body, and any mem- 
ber, if he has anything to object to, is always at liberty to object 
to it. 

Mr. N. M. Hopxins:—I would like very much to hear a gen- 
eral opinion, not on the advisability of appointing a committee 
composed of manufacturing and consulting engineers, but on the 
probable work and decision of such a committee. I think a 
number of gentlemen have disfavored the appointing of a com- 
posite committee, so to speak, without thoroughly considerin 
the question of their probable work and findings. I donot thin 
there would be much conflict of ideas and opinions, even with 
such questions as efficiency of apparatus, highest permissible 
heating of armatures, field coils, etc. I do not think the findings 
of two separate committees, one composed of manufacturing en- 
Rd. and the other of consulting or designing engineers would 

iffer very materially. I do not think the manufacturing talent 
should be excluded from the committee. 

. Dr. Нотонімвом :—I вее I have stirred up the meeting by m 
references to the electrical companies being represented on this 
committee. I gave my reasons for this position, and am sure 
that in practice the matter would tarn out as I have stated. It 
would be necessary to have all the companies; represented, or 
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none. If you have all represented, then the factories of all would 
be closed to the committee for any testing work that the com- 
mittee might have to do. 1 believe that the committee can get 
all the information it asks from the companies without having 
one of their representatives on the committee. 

Mr. CnanRLEs P. SrriNMETZ:— The problem before the house 
to-night is undoubtedly a very important and a very difficult one. 
Now, as regards the question of manufacturers, there are un- 
doubtedly some very good reasons why manufacturers should not 
be on the cominittee, and there are some very good reasons also 
why they should be on the committee. But it appears to me 
there are still very much better reasons why this question should 
not have been raised atall. If the IwsrrrvTE intends to produce 
something of lasting value, which will be accepted and adopted 
by the whole continent, then the committee doing the work must 
be composed of men of such standing and reputation that, re- 
gardless of whether they are connected with manufacturing con- 
cerns ur not, there can be no question that they will be impartial 
and not influenced by the fact that they are connected with this 
or that company. But they must be the best men available, and 
then there will be no question about it whether manufacturers or 
not. Besides, the problem under discussion appears to me to 
have two different phases: one is the question of standardizin 
the meaning of terms, and the other is the question of ane 
izing the methods of tests. To arrive at a common understand- 
ing of the meaning of terms, or the constants represented by 
them, it is undoubtedly extremely desirable to have the terms 
standards. I may only mention the unfortunate term ‘ еће- 
iency,” which used to mean in the old times the output divided 
by output plus С° /2, because (PR was Ше only thing all people 
knew how to measure. But gradually it dawned upon them that 
there are some losses in the iron and consequently the question 
arose, should they be taken in the efficiency or not. After that 
there were other losses discovered in the brushes of the continu- 
ous current machine, etc. It is very desirable to standardize 
what efficiency means. Most of the discrepancies between en- 
gineers arise from the divergence in the understanding of the 
meaning of one of these terms. It may be quite desirable also 
to have standard methods of testing which is now one very great 
difficulty. The comparison with mechanical engineering is very 
nice, but we must consider that of the whole tield of en- 
gineering, no branch is so much developed theoretically as elec- 
trical engineering, and if we consider the exactness of electrical 
engineering where you fight about a fraction of a per cent. of 
efficiency, with the exactness of mechanical engineering, where 
you make the beam that has to carry the structure of a bridge 
500 per cent. stronger than calculated, you see there is great diff- 
erence, and thus it may be quite desirable when making mechan- 
ical tests with the inaccuracy of mechanical engineering, to pro- 
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duce a standard or rather a recipe-—how to make the test. But 
that would not do in electrical engineering. . It would not do, for 
instance, in measuring efficiency, to say efficiency sliall be tested 
by measuring the mechanical output bv a brake, and the electri- 
cal output by an instrument. If you take a direct connected al- 
ternator of some 2,000-kilowatts capacitv, you cannot get a me- 
chanical brake to measure the input, and you cannot measure the 
output either, very well. From indicator diagrams of the engine 
you cannot get the efficiencv, since the engine efficiency is so low 
that vou cannot get any accuracy. So you see the only possi- 
bility in very many cases in determining these efficiencies is some 
abbreviated method. Efficiency usually is determined by meas- 
uring the losses and summing them up. Now, that is the best 
that can be done in many cases. But if the IwsrrruTE should 
settle that efficiency shall be measured by adding certain losses it 
may be а dangerous thing, because there may be other losses 
coming in and there may be a difference of opinion as to whether 
there is loss or not. I mention, for instance, hysteresis loss, be- 
cause hysteresis has always been my hobby. It is not quite 
agreed yet amongst all the engineers what should be charged to 
an alternator as hysteresis loss, whether the loss corresponding to 
the terminal voltage or the loss at a voltage рор to full 
load excitation at open circuit or some intermediary value. I es- 
pecially gave attention to this feature and found that the nearest 
approach to correctne3s is derived by charging as loss the hyster- 
esis loss corresponding to terminal voltage plus C /2. It seems 
to me there may be other points of a similar nature where it 
would be liable for the IxsrrrurE to settle on something that is 
wrong. бо yousee we might possibly diseuss methods of testing 
before the InstiTuTE, or any committee, and make some recom- 
mendations, but we cannot with certainty determine these me- 
thods of tests as we should determine the meaning of terms, and 
that I think would be the most important work to be taken up 
by the committee at first namely, to decide on the meaning of 
terms used in electrical engineering. | 

Mr. С. О. Млплосх :—І rise to a point of order and infor- 
mation. I think that the present Committee on Units and Stan- 
dards is competent and that it is within its province to take up 
questions of terminology. 

Тнк Presment:—Mr. Mailloux brings up the point that we 
have a standing Committee on Units and Standards, the name 
of which and the history of which would, I think, justif 
his position that the mere question of considering terms and det- 
nitions would be taken up by that committee and such questions 
have been considered by it in the past. This was considered to 
be rather a new and broader question than the one now proposed. 
It should be remembered that this committee would, in any case, 
report back to the IxsrrruTE for final action. Therefore, the 
work of this committee would simply be preliminary and subject 
to revision. 
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Mr. Max Osterserc :—It seems to me that if we should have 
a committee which would determine on the general requirements 
of ail machinery as regards temperature, different kinds of ettic- 
iency, etc., if we had a committee to determine these points, we 
would necessarily require a definition on the part of such a com- 
mittee of what they mean by the individual terms. How, for 
example, they would recommend that temperature should be 
measured in order to satisfy the condition of what they cal] the 
requirement. It does not fully bind all the manufacturers to 
fulfil those, but it would certainly be one method to go by for 
the manufacturers in general and for the guidance of the con- 
sumer as to what he ought to require, or what he might be en- 
titled to get. So it seems to ine that since we have a Committee 
on Units and Standards, without treading on their toes in any 
way, we could have a committee to determine what the require- 
ments of machinery should be and in that way get a direct dis- 
tinct definition of the terms. 


After further discussion as to the propriety of appointing a 
committee to consider the question, the point was raised that no 
ош was present. It was then voted upon motion of Mr. 

amblet, that the whole matter be referred to Council, after 
which the meeting adjourned. 
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Discussion AT Снслоо, JANUARY 26, 1898. 


THe СнлікмаАХ, [Mr. B. J. AgNorp]:—Prof. Stine has read 
to-you the letters which have been sent on here from various mem- 
bers of the Іхвтітсте and others in New York, calling our atten- 
tion to the desirability of an action ог expression on the part of 
the AMERICAN INSTITUTE oF ELECTRICAL ENGINEERS regarding the 
standardization of electrical machinery. This is something 
which those of us who are in practical work are ready to con- 
sider and see if some standard can be adopted. The electrical 
manufacturers of to-day, in fact, are endeavoring to find out from 
engineers and purchasers of electrical machinery what their 
ideas and desires are as to the heating limits of the machinery. 
In fact, one of the largest manufacturers of electrical machinery 
has sent a representative throughout the country, calling upon 
the principal engineers, and getting their ideas as to what they 
thought these limits should be, and I have no doubt but that 
others are doing the same thing. Therefore there seems to be a 
great desire on the part of the manufacturers and certainly on 
the part of the purchasers and engineers to have some such 
standard which will be recognized, as a standard. 

Mr. Мкүкк:—1[ think that a standard in any line of machines 
is certainly а iu necessary thing. For instance, in machine 
shop practice and in electrical apparatus as well, there must be 
some uniformity. In dynamos it is а good thing to have all 
shafts of the same size and diameter, which could be used in 
different machines. In ease of а breakdown, if there is but one 
shaft, it could only be used for tne machine for which it 
was originally made. If any standard is made, it would be of 

eat benefit. The necessity of standardizing this particular 
ine has been recognized by many who use the apparatus and b 
the makers ав well, for the latter have to carry a larger о 
and invest heavily in machines to make apparatus, as well as in 
ready made parts, to supply orders on short notice. Outside of 
dynamos, I should think some standardization would be necessary, 
as well as instruments not so essential as dynamos, because in- 
struments are usually less expensive than large dynamos. For 
arc lamps or incandescent lamps I should think there would not 
be во much standardizing required, for the lamps are now usually 
of the same voltage and candle power. 

Mr. J. R. CravarH :—As I understand the subject, it is to 
consider the subject of standardizing the rating of apparatus, not 
the form of the apparatus itself. We all realize that some stan- 
dards are needed. The only question is, what standards! It 
does not make а great deal of difference what standards are 
adopted, во that it is perfectly understood what those standards 
ате. At present we are all at sea as regards to what the heatin 
limit of & machine should be, and how it should be measured, 
and if we can come to some conclusion or arrive at some proper 
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definition as to what these heating limits are, we have made a 
EM step in advance. Тһе manufacturing concerns want it, I 
now. We need a standard now perhaps more in the railwa 
field than in any other as is shown by the great frequency wit 
which some manufacturers of electric railway motors change 
their methods of nomenclature in the attempt to get some way 
of rating more satisfactory to maker and customer. If however 
the ІмктітотЕ can formulate some standards for all to go by, the 
difficulty immediately disappears for it is only because of a lack 
of understanding as to how ratings are to be made that these 

differences exist. 

Mr. Ніскок:— Taking up the points for discussion in the 
order in which they are outlined on the black-board, let us first 
consider the proper and safe heating limits for dynamos and 
motors. For & machine working under normal condition, the 
temperature rise above the surrounding air should never exceed 
80? Fah. on the armature core, 100? Fah. on the commutator, 
and 75° Fah. on the field coils, these temperatures being taken 
by applying thermometers to the outside of these parts. Stan- 
dard specifications should give these heating limits after a con- 
tinuous run of ten hours at the rated capacity of the machine. 

Requirements for the sparkless range of the average machine 
should be that it should stand a change of load from no load to 
full load without any sparking at the brushes, they being fixed 
at the same position throughout the entire range. 

Various engineers have their hobby as to what they consider 
the amount of overload а machine should stand safely, but I 
think that any dynanio or motor should be capable of being 
operated continuously for three hours at 25% overload, or for one 
hour at 50% overload, without causing any injurious effect. 

In regard to the question of power rating, it is generally un- 
derstood that dvnamos should always be rated in kilowatts, and 
never in horse power, although the latter terin does occasionally 
creep in. 

Motors should always be rated in horse power, as that seems to 
be the most natural term for mechanical power, and the common 
formulas for work to be performed have н. р. for the unknown 
quantity. 

If specifications are to definitely state what the insulation re- 
sistance of any machine shall be, I should think that a require- 
ment of not less than опе megolim would be sutficiently rigid for 
the average 110,220, or 500-volt dynamo or motor. 

Mr GkoncE A. Damon :— That standard requirements for the 
manufacture of electrical apparatus would be desirable, is very 
well brought out by the tests which we recently made upon two 
100 к. w. multipolar generators of the most modern types, but of 
different makes. One was a belted machine running at 600 turns 
per minute; the other was direct connected to a high speed en- 
gine. The belted machine after a run of six hours under full 
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load had a temperature in no part higher than 104°, less than 30? 
above that of the surrounding atmosphere, while on the other 
hand the direct connected generator showed a rise in temperature 
of over 90° after it had been running for the same length of 
time. One dynamo was certainly eapable of standing an over- 
load of 25 per cent. for a number of hours, while the other 
generator was working at about its safe limit. Во machines 
were accepted, but it is plain that one purchaser got a far better 
machine than did the other. 

In regard to the heating :—The specification which a few years 
ago placed a limit of 75° Fah. rise in temperature upon genera- 
tors was considered severe, now it is ordinary practice, and I 
believe we have reached a point where we may ask the manu- 
facturers to be liberal with their ratings. The overload require- 
ments influence, of course, the permissible heating limits, and 
should be standardized as far as possible at the same time. The 
engineer, who recently specified a machine of a certain capacity 
which “should be capable of standing a continuous overload of 
50 per cent.” at least did something to help along this move- 
ment. . a 

Standard specifications should not only state the requirements, 
but should accurately describe the tests to which it is proposed to 
subject the apparatus in order to ascertain whether or not it ful- 
fils the terms of the specifications. It is fully as important a 
matter to modify the methods of making tests upon electrical 
apparatus, as it is to standardize the requirements under which 
it is manufactured. It is not an unusual thing for engineers to 
prepare long and elaborate specifications for electrical machinery 
and then turn around and accept it after only a few crude tests 
or perhaps none at all. Take the matter of efliciencies for in- 
stance. We like to write in our specifications, 944%, 94% and 
. 98% as the requirements for the commercial efficiency of our 
generators at full, three quarter, and half load, but how many of 
us are ever quite sure that we get what we call for? I find the 
literature upon commercial efticiency tests very incomplete. 
Efficiency curves are published now and then by manufacturers 
and others, but seldom are they. accompanied by any indication 
of the method by which they were obtained. I find that even 
large manufacturers are dissatistied with the accuracy of the re- 
sults of their efficiency tests, and there seems to be no unanimity 
of opinion in regard to the best method to be used. Besides a 
few laboratory methods which are not commercially practicable, 
we have the Hopkinson method, the stray power method, the in- 
dicator method, and now eomes a new method called the Routin 
method. But we know most of these methods are based more or 
less upon certain assumptions and are therefore liable to be ineor- 
rect. In the Hopkinson method we assume that the motor and 
generator have the same efficieney, whereas to operate the gen- 
erator at full load it is necessary to overload the other, machine 
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which is running as а motor. In the stray power method we 
axsume that the loss in the armature when the machine is running 
itself as a motor with no load, is the same as when the generator 
is operating fully loaded, while in the indicator method we must 
necessarily assume that the loss by friction in both the engine and 
generator, as obtained in a rather uncertain way from the friction 
cards, remains constant at all loads. The question is, how accu- 
rate are these various methods and how will results by the ditfer- 
ent methods compare? [t strikes me that a series of tests upon 
the same machines, under identical conditions, by the various 
methods, would be of value. Our Englewood and Chicago plant 
and the Chicago Board of Trade plant are admirably adapted for 
this purpose. In these plants the engines and generators are 
connected by means of the ** Arnold system” so that it would be 
an easy matter to disconnect the generators from {һе engines 
and run any one as a motor, either independently or connected to 
another machine. Ав both plants are provided with storage 
batteries it would be comparatively easy to measure the power 
required to make up the losses in the manner provided for in 
either the Hopkinson, stray power, or Routin methods, and I 
hope to be able to obtain some data along this line. One of our 
prominent technical schools has its campus lighting plant connec- 
ted by means of the * Arnold system” and a large builder of 
dynamo electrie machinery is planning а testing table along the 
same lines, &o that it is possible to obtain accurate information as 
to the relative limitations and possibilities of the various commer- 
cial systems of testing. It would be well then to accompany our 
standard specification efficiencies with a detailed account of at 
least one of the most reliable methods, if any such are found, and 
the same can be said of the tests which should be provided for 
the heating limits and the sparking, insulation and overload 
requirements. 
кок. SriNE:— The proposition that there should be an at- 
tempt made to establish certain standards governing the drafting 
of specifications for the construction and operation of electrical 
a eine is meeting with such general favor that it argues a de- 
cided need for such things. The manufacturing companies have 
long felt that something should be done towards freeing them 
from burdensome, and, at times, unjust or impossible require- 
ments which consulting engineers have imposed upon Шош: 
Recently, a set of specifications for some transformers was sent 
to certain manufacturers. The guarantee which they demanded 
from competing firms covering regulation, core aging, efficiency 
and temperature of operation, were incapable of being met in 
the present state ofart, and plainly showed that the engineer 
who drafted them was not experimentally familiar with the sub- 
ject. It is manifestly unjust to ask for bids on such a basis. 
The desirability for standards governing construction, opera- 
tion and testing of electrical apparatus is so generally admitted 
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that it scarcely requires further argument. Itis rather a question 
of agreement on a certain number of points to make a beginning. 
The National Electrical Code, recently adopted, shows us how to 
go about the matter. When first framed, it was exceedingly 
crude and incomplete ; but anything was suflicient for a begin- 
ning, and the elaboration of the rules, as time progressed and ex- 
perience widened, has been most satisfactory. 

In a similar spirit let a pas Sea be made towards standard 
ne We know a great deal more about this subject 
than the insurance people did about installation in the early days 
of the code. We are, then, better prepared for the task and will 
run less chance of making errors. 

No association is so representative of all interests, or contains 
such a wealth of experience, ability and data as the AMERICAN 
InstitoTe OF EvectricaL Enainerrs. The question of immediate 
ways and means may be left with the Council, which in turn would 
doubtless approach the subject through an appropriate committee. 

The functions of the consulting engineer are interpreted with 
the widest latitude. In many instances the consulting engineer 
attempts the duties and responsibilities of the designing engineer. 
But it is not always со {о T these. The consulting 
d nad may properly specify both materials and design when lie 
endeavors to make some particular combination, and the company 
receiving the order is &0 conservative as to be behind the times. 
But the consulting engineer is rarely in position to specify design 
апа materials. He has had comparatively little to do with the 
progress in electrical apparatus. This has come principally from 
the manufacturing companies, and some few testing laboratories 
working in co-operation with them. 

As matters now stand, the consulting engineer should draw up 
a detailed plan of what he wishes to accomplish. This should be 
submitted to the manufacturing companies as the basis for bids. 
They in turn should then fully specify the design, construction, 
materials and operation of the apparatus which they tender and 
state the guarantees. The engineer may then gather from the 
competing specifications and bids tlie possibilities upon which he 
may form a final set of specifications. "This ensures the compet- 
ing companies the full use of their experience in construction, 
selection of materials and data from tests. 

At the present time, there is opportunity for only a limited 
number of standards which shall govern the consulting engineer 
and manufacturer in the preliminary work. 

It would be manifestly unjust and a prevention of progress to 
adopt standards for induction value in the iron circuits of dyna- 
mos and motors, and the cores of transformers; to specify that 
cast iron shall be used here, and sheet steel there, ete. Such mat- 
ters as these, and practically all details of design, construction 
and selection of materials should be left open. 
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But there is still an opportunity for many standard require- 
ments; these occur in (a) the operation; (b) the testing; and (c) 
the rating of apparatus. Covering the tests of apparatus I wish 
especially to speak. Specifications usually make quite a matter 
of temperature limits for ditferent portions of electrical appara- 
tus. The assignment of such limits would be very properly 
within the duties of such a committee'on standards. But the 
manner of testing whether the machine fulfils such require- 
ments ought to be clearly prescribed. Every one who has care- 
fully tested the heating of transformers under load knows that 
a number of different temperatures may be measured about 
the coils and core, depending upon the manner of applying the 
thermometer and the part where it is inserted. Here is a real 
necessity for a standard direction governing the use of a ther- 
mometer in ascertaining the temperature of cores, fields, wind- 
ings, and bearing and conducting surfaces. 

The efficiences of apparatus at various loads is usually strongly 
insisted upon in specifications. Yet those who devote most atten- 
tion to such tests know that with the exception of photometric 
tests they are the least satisfactory of all electrical measurements, 
on account of the uncertainties in the estimation of the power 
applied to a given translating device. Though specifications of- 
ten designate efliciencies to a second decimal, they are rarely 
measured within one or two per centum, at best, and more rarely 
are engineers able to verify their own specifications regarding 
efficiency. It is very desirable that a committee on standards 
should formulate precise directions for a determination of 
efficiencies. 

So far as dynamo and motor characteristics enter in specifica- 
tions, their determination should also be specitied. In the same 
connection, the rating of the output of continuous and alterna- 
ting current generators needs careful definition. 

Another subject of great importance is the specification of the 
quality of insulating materials. Common practice states this in 
megohme, presumably to be determined by some galvanometer 
method for measuring high resistances. This is unjust to 
the progressive manufacturer. Such ratings аге practically 
of little value as a guide to the operation of the apparatus. 
No mannfacturer is justitied in relving on a high insulation 
resistance, and specifications requiring this often place the most 
excellent apparatus at a disadvantage. The only adequate test 
of an insulation 16 its dielectric strength. As this is usually tes- 
ted with a step-up transformer, there should be some standard 
e governing the periodicity and perhaps the wave form 
of the к.м. е. impressed on the insulation; also an accepted 
agreement making mere high resistance requirements secondary 
to those of dielectric strength. | 

Mr. Нїскок:—1Ї would like to say a word in regard to the ìn- 
sulation and the breakdown test. I think we should also include 
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& definite insulation resistance, for the reason that I have in mind 
a certain instance of a machine having its field coils wound with 
tape, and although it was submitted to the breakdown test, it had 
no injurious effect upon the machine, vet its measured insulation 
resistance was very low. 

The customary rating of are dynamos isin so many lamps, that 
is, 50, 75, 100, 125, ete. It might be better to rate them in 
watts. 

Pror. Stine :—Do you consider it possible to-day to specify. 
the efficiency of an are machine. 

Mz. Hickok :— Yes, it is possible to measure it within a fraction 
of one per cent. with a considerable degree of accuracy, but such 
an accurate test is necessarily an expensive one. 

ProF. Stine :—Is it possible to come to any uniformity among 
makers on the question of efficiency of are machines ? 

Mr. Hickox :—Most makers guarantee their machines, and 
they are frequently subjected to tests. I have several instances 
in mind of tests carefully made that gave very satisfactory results. 

Mr. Arnoitp :—1 there is nothing further—no more ques- 
tions to be asked, I would like to make a few statements as to 
what practice is followed in my office. On the question of heat- 
ing limita of generators we have recently specified for some 500 
kilowatt generators for light and power work, to be operated at 
500 volts, 450 volts, 525 volts, for a certain station being built in 
this country, which is somewhat of a novelty, since the voltage 
is double what it ordinarily is in a direct current station. There 
are 440 lamps for the outside mains and 220 in the others. 
These generators have been specified pretty generally. 

The sparking limits are such that the anne are practically 
sparkless all the way from no Joad to 50 per cent. overload, with- 
out changing the brushes. We expect to get that machine out. 
In fact, it is gotten out by a number of manufacturers to-day. І 
have seen the generator manufactured by the company Mr. 
Damon speaks of stand the load from О to 50 per cent. overload 
without sparking. It is specitied that the generators shall not 
flash when the circuit breaker is opened suddenly to 50 per cent. 
overload. 

Pror. StrnE:—In that same connection, do you put in any 
specification as to the self-induction of the armature ! 

Mr. Arnotp:—No. I am after the efticiency under different 
conditions of load. When we come to writing a practical speci- 
fication, we have no means of determining that very closely. 

These generators that I have mentioned are not to exceed 
these limits when operating under the following conditions at 
95 per cent. overload for two hours, 334 per cent. overload for 
one hour, or 50 рег cent. overload momentarily. The ећсіеп- 
cies we have required are as follows: 


At one-quarter load. оао аа sl se y xr E E e 90 per cent. 
At- one-half load оаа a CH a n „984, ", 7 
At three-quarter load........ reer a eK Ee uA et ADPIC“ 
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may have, and let those limits be far enough from the drooping 
point on the curve во that it has a somewhat surplus path to go 
over the rating, The sincere manufacturers to-day are comin 
close to these figures which I have given here. But a8 we al] 
know, the capacity of a machine, its kilowatt output capacity 
epends entirely upon its heating limits. Itiga matter of limit- 
ing the temperature to determine the capacity of the machine. 
ROF. STINE :— Would you say that that wonld be the only 


fr. ARNOLD :—There would be a slight variation of volta 
when we get over the drooping point on the curve. As to how 
much that variation would be, Iam not lust at present prepared 
to say. I think it advisable to make a & limitation in Speci- 
fications, or rather, a set of recommendations. 

also agree with one of the speakers to the effect that it is not 
advisable to Specify sizes at al] ; but it is hardly within the всо 
of thig discussion to go into the matter OÍ sizes, as ] understand 
it, because we wish to leave the matter of sizes to the manufac. 
turer. Let him accomplish the result, but give us the thing we 
ask for in efficiency, heatin limits and capacity. 

Pror. Sting :—In speci ications, I would specify weights, 
areas, and velocities, but I would not attempt to specify diame- 
ters, lengths or strengths. Possible the latter might be con- 
sidered, but not the other two, 


R. ARNOLD :— Another thing : The only eorrect wg to get 


of trying to use a thermometer when we only get an ролше 


tion. Power rating should by all means be iven in ilowatts, 
if possible. That Is the only way to do it. Y 


measure engines in kilowatts Instead of horse- ower. In meas- 
uring generators by horse-power it has to be figured up in kilo- 
Watts afterward. | 

п our specitications we Specify mica insulation, and seldom 
use anything else. For a &enerator in which anythin but mica 
ів used, the regulations depend проп the kind of wor you want 


the series winding. | 
Pror. Stine :— You mean to say up to full load? With what 
range in the rheostat ? 
In. Anxorp :— The rheostat controls from 400 to 500 volts. 
I do think this question is one of the most important which has 
come before the [хвтітсту since my membership in it, and it 
ought to be taken hold of in 80me kind of intel ; 
and see if some result cannot be obtained which will bring the 
purchaser, the engineer and the manufacturer on some basis 
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where they can agree, and not have the constant argument which 
we have to-day as to how a machine ought to be rated. If there 
was a plan which, in the combined uae ent of the best thought 
in this line in the country, it would relieve a great many of the 
embarrassing conditions which now exist. 

Mr. Hickox :— There is always а question, when the subject 
of efficiency comes up, as to just what the term “efficiency” 
means. Some engineers include with the engine losses the entire 
friction of the revolving parts, and also the friction of the brushes 
on the commutator, thus giving to the dynamo an apparently 
high efficiency. І think specifications should define more partic- 
ularly what is meant by this word. 

[ Adjourned. ] 
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Such a scheme should define the limits that the generators 
may have, and let those limits be far enough from the drooping 
point on the curve so that it has a somewhat surplus path to go 
over the rating. The sincere manufacturers to-day are coming 
close to these tigures which I have given here. But as we all 
know, the capacity of a machine, its kilowatt output capacity 
depends entirely upon its heating limits. It is a matter of limit- 
i temperature to determine the capacity of the machine. 

кок. Srixc:— Would you вау that that wonld be the only 
limit or would you find a droop limit? 

Мк. А вхоір :— Тћеге would be a slight variation of voltage 
when we get over the drooping point on the curve. As to how 
much that variation would be, I am not just at present prepared 
to вау. I think it advisable to make such a limitation in speci- 
fications, or rather, a set of recommendations. 

I also agree with one of the speakers to the effect that it is not 
advisable to specify sizes at all; but it is hardly within the scope 
of this discussion to go into the matter of sizes, as I understand 
it, because we wish to leave the matter of sizes to the manufac- 
turer. Let him accomplish the result, but give us the thing we 
ask for in efficiency, heating limits and eapacity. 

Pror. SriNE:—In specifications, I would specify weights, 
areas, and velocities, but I would not attempt to specify diame- 
tere, lengths or strengths. Possible the latter might be con- 
sidered, but not the other two. 

Mr. AÁnNoLp:—Another thing: The only correct way to get 
the temperature of the field is to measure after or during ilie 
test. It is seldom done, but I believe it should be done, instead 
of trying to use а thermometer when we only get ап approxima- 
tion. Power rating should by all means be given in kilowatts, 
if possible. That is the only way to do it. We certainly have 
got the generators in shape for that basis, and in time we will 
measure engines in kilowatts instead of horse-power. In meas- 
uring generators by horse-power it has to be figured up in kilo- 
watts afterward. | 

In our specifications we specify mica insulation, and seldom 
use anything else. For а generator іп which anything but mica 
ів used, the regulations depend upon the kind of work you want 
the machine to do. In the machine I have mentioned the wind- 
ing should maintain the voltage at 500 without the assistance of 
the series winding. | 

Pror. SriNE :— You mean to say up to full load? With what 
range in the rheostat ї 

Mr. Авмогр :—The rheostat controls from 400 to 500 volts. 
I do think this question is one of the most important which has 
come before the [xstirvrE since my membership in it, and it 
ought to be taken hold of in some kind of intelligent manner, 
and see if some result cannot be obtained which will bring the 
purchaser, the engineer and the manufacturer on some basis 
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"where they can agree, and not have the constant argument which 
we have to-day as to how a machine ought to be rated. If there 
was a plan which, in the combined judgment of the best thought 
in this line in the country, it would кү a great many of the 
embarrassing conditions which now exist. 

Mr. Нскок :—There is always а question, when the subject 
of efficiency comes up, as to just what the term “efficiency " 
means. Some engineers include with the engine losses the entire 
friction of the revolving parts, and also the friction of the brushes 
on the commutator, thus giving to the dynamo an apparently 
high efficiency. I think specifications should define more partic- 
ularly what is meant by this word. 

[ Adjourned. ] 
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The desirability of uniformity in ratings and specifications of 
electrical apparatus to consumer, consulting engineer and manu- 
facturer, would be obvious to anyone, but their full advantage is 
best appreciated by those who suffer from the difficulties and 
confusion which now exist. 

As an example, the rating of an alternating current generator 
may be mentioned. Suppose a generator of 100 к. w. at 1,000 
volts is to be used for operating motors which have a power fac- 
tor of 90 per cent., a “ 100-к. w.” generator may mean : 

(1) One which can deliver 100 k. w. to non-inductive circuits, 
such as for incandescent lighting. 

(2) One which can deliver 100 amperes at 1,000 volts at a 
power factor of 90 per cent. The true output in power is only 
900 к. w., while the tax upon the machine is considerably greater 
for delivering this current at 1,000 volts tu an inductive load, as 
the field current must be notably increased on account of the re- 
action on the field caused by the lagging armature current. 

(3) One which сап deliver 100 к. w. of true energy to circuits 
having a 90 per cent. power factor. The current required is 111 
amperes, and as the power factor is 90 per cent., the tax upon 
the machine is considerably greater than it would be if this cur- 
rent were delivered to a non-inductive load. 

These three performances require machines differing in capacity 
and represented by machines which can give approximately 100, 
110 and 120 к. w. to non-inductive circuits. 

The fact that these characteristics of alternators are not gener- 
ally and correctly understood, makes the matter of interpretation 
of indefinite specifications all the more difficult. 

While it is desirable, it is not as essential to have absolute scien- 
tific accuracy in all of the definitions as it is to have definite 
definitions of capacity and performance, and definite methods of 
testing which are mutually understood. | 

Ав a representative of a manufacturing concern, I urge that 
the INsrrruTE carry to completion the good work which it has 
begun. 


Pittsburgh, April 2nd, 1898. 


THE AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS. 


New York, February 23d, 1898. 
The 122nd meeting of the ІхѕтітстЕ was held this date at 12 
West 31st Street, and was called to order by President Crocker 
at 8:20 P. M. Е 
The Secretary announced that at the meeting of the Executive 
Committee in the afternoon the following associate members 


were elected : 


Name. - Address, Endorsed by 
BRoiLt, FRANK Electrical Engineer, California Elec. W. Е, C. Hasson. 
Works ; residence, 828 Geary St., Wynn Meredith. 
San Francisco, Cal. K. G. Dunn. 
LiBBy, SAMUEL By- Supt. N. Y. & S. I. Electric Co., Chas. J. Bogue. 
INGTON est New Brighton, N. Y, W. G. Whitmore 
Ralph W. Pope. 
Lovis, Отто T Manager of New York Branch, Wm. A. Anthony. 


Queen & Co. Inc.; residence, 840 James Hamblet. 
East 119th St., New York City. Samuel Sheldon. . 


MOoRTLAND, JAMES A. Prof. of Physics, Faculty State Nor- Ralph W. Pope. 
ma] School, 2502 Walnut St., Wm. J. Hammer. 
Cedar Falls, Iowa, W m. Maver, Jr. 


Ѕсном, Cnas. Н. Electrical Engineer, Ideal Electric F. A. LaRoche. 
Corp., 216 Third Ave., New York R. W. Pope. 
City. H. J. Ryan. 


Sxpowick, С. E. Agent at San Francisco Office, J. A. Lighthipe. 
General Electric Co., 15 First St, Wynn Meredith. 
residence, Berkeley, Cal. F. F. Barbour. 


TRANSFERRED FROM ASSOCIATE TO FULI: MEMBERSHIP. 


Approved by Board of Examiners, Jan. 12th, 1898. 
GorrTz, WILLIAM Milwaukee, Wis. 


Тнк Presipent:—The next business is the paper of this 
evening, “Single Phase Induction Motor," and I will call upom 
the author, Mr. Charles Steinmetz, to present it. 

Mr. Steinmetz read the following paper :. 
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A paper presented at the raad Meeting of the 
American Institute of Electrical Engineers, 
New York, February 23d, 1898, President 
Crocker in the Chair. 


SINGLE PHASE INDUCTION MOTOR. 


BY CHARLES PROTEUS STEINMETZ. 


5. 1. Loap AND SrxED Curves or SINGLE Puase 
Ixpuction Motor. 


In the polyphase motor a number of secondary coils displaced 
in position from each other, are acted upon by a number of 
primary coils displaced in position and excited by к. м. r.'s dis- 
placed in phase from each other by the same angle as the dis- 
placement of position of the coils. 

In the single phase induction motor a system of armature cir- 
cuits is acted upon by one primary coil (or a system-of primary 
coils connected in series or in parallel) excited by a single alter- 
nating current. | 

A number of secondary circuits displaced in position must be 
used so as to offer to the primary circuit a short-circuited second- 
ary in any position of the armature. If only one secondary coil 
is used, the motor is a synchronous induction motor and belongs 
to a different class, the reaction machines. 

A single-phase induction motor will not start from rest, but 
when started in either direction will accelerate with increasing 
torque and approach synchronism. 

When running at or very near synchronism, the magnetic 
field of the single-phase induction motor is identical with that of 
the polyphase motor. That is, the magnetic field has the same 
intensity in every direction, but is displaced in phase progressively, 
and can be represented by the theory of the rotating field. Thus 
in a turn wound at right angles to the primary winding of the 
single-phase induction motor, at вупсһгопізір „ап Е. м. F. is in- 
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duced equaltothat induced in a turn of the primary winding, but 
differing therefrom by 90? in phase. 

In а polyphase motor the magnetic flux in any direction is due 
to the resultant M. M. F. of primary and of secondary currents, in 
the same way as in a transformer. The same is the case in 
the direction of the axis of the exciting coil of the single phase 
induetion motor. In the direction at right angles to the axis of 
the exciting coil, however, the magnetic flux is due to the м. м. Е. 
of the armature eurrents alone, no primary E. M. F. acting in tliis 
direction. 


Consequently, while in the polyphase motor running light, 
that is doing no work whatever, the armature becomes current- 
less, and the primary currents are the exciting current of the 
motor only, in the single-phase induction motor, even when run- 
ning light, the armature still carries the exciting current of the 
magnetic flux in quadrature with the axis of the primary exciting 
coil. Since tliis flux has the same intensity as the flux in the di- 
rection of the axis of the primary exciting соп, the current in 
the armature of the single-phase induction motor running light, 
and therefore also the primary current corresponding thereto, has 
the same м. м. F., that is, the same intensity as the primary ex- 
citing current, and the total primary current of the single-phase 
induction motor running light is thus twice the exciting current ; 
that is, it is the exciting current of the main magnetic flux plus 
the current inducing in the armature the exciting current of the 
cross magnetic flux. In the armature or secondary, this exciting 
current is a current of twice the primary frequency. 

Thus, if in a quarter-phase motor running light, one phase is 
open circuited, the current in the other phase doubles. If in the 
three-phase motor two phases are open circuited, the current in 
the third phase trebles, since the resultant м. м. к. of a three- 
phase machine is 1.5 times that of one phase. In consequence 
hereof, the total voltampere input of the motor remains the 
same, and at the same magnetie densitv, or the same impressed 
E. M. F., all induction motors, single-phase as well as polyphase, 
consume approximately the same volt-ampere input, and the 
game power input for excitation, and give {һе same distribution 
of magnetic flux. 

Since the maximum output of a single-phase motor at the same 
impressed к. м. к. 18 considerably less than that of a polyphase 
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motor, it follows herefrom that the relative exciting current in 
the single-phase motor must be larger. 

The cause of this cross magnetization in the single-phase in- 
duction motor near synchronism is that the induced armature 
currents lag 9° behind the induced magnetism, and are carried 
by the synchronous rotation 9 2° in space before reaching their 
maximum, thus give the saine magnetic effect as a quarter-phase 
E. M. F. impressed upon the primary system in quadrature posi- 
tion with the main сой, and can be eliminated by impressing a 
magnetizing quadrature к. м. к. upon an auxiliary motor circuit 
as done in the monocyclic motor. 

Below synchronism, the induced armature currents are carried 
less than 90°, and thus the cross-magnetization due to them is 
correspondingly reduced, and becomes zero at standstill. 

The torque of an induction motor is proportional to the arma- 
ture energy currents times the intensity of magnetic flux in quad- 
rature positon thereto. Thus in the polyphase motor, where the 
magnetic flux is constant in all directions at all speeds, and pro- 
portional to the counter x. м. F. e, the torque is 


D= i 


In the single-phase induction motor, the armature energy currents 
Г, can flow only coaxial with the primary coil as the only posi- 
tion in which corresponding primary currents exist. The mag- 
netic flux in quadrature position is proportional to the com- 
ponent e carried in quadrature, or approximately to (1—s) e, and 
the torque is thus, 
T = (1—з)е A 

thus decreases much faster with decreasing speed, and becomes 
zero at standstill. The power is then, 

P =(1—з)%е [. 
Since in the single-phase motor one primary only, but a multi- 
plicity of secondary circuits exists, all secondary circuits are to 
be considered as corresponding to the same primary circuit, and 
thus as the secondary impedance is to be used the joint imped- 
ance of all secondary circuits. Thus, if the armature has a 
quarter-phase winding of impedance Z, per circuit, the resultant 


secondary impedance is 2 if it contains a three-phase winding 


of impedance Z, per circuit, the resultant secondary is 2 
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In consequence hereof the resultant secondary impedance of а 
single-phase motor is less in eomparison with the primary im- 
pedance than in the polyphase motor. Since the drop of speed 
under load depends upon the secondary resistance, in the single- 
phase induction motor the drop in speed at load is generally less 
than in the polyphase motor. This greater constancy of speed 
of the single-phase induction motor has led to the erroneous opin- 
ion that such & motor operates at synchronism, while in reality 
even at no load whatever it cannot approach perfect synchronism. 

The further calculation of the single-phase induction motor is 
identical with that of the polyphase induction motor, as given in 
my former paper on the polyphase induction motor.' 

In general, no special motors are used for single-phase circuits, 
but polyphase motors adapted thereto. An induction motor 
with one primary winding only, could not be started by a phase- 
splitting device, and would necessarily be started by external 
means. А polyphase motor, as for instance a standard three- 
phase motor operating single phase, by having two of its termin- 
als connected to the single-phase mains, is just as satisfactory a 
single-phase motor as one built with one primary winding only. 
The only difference is that in the latter case a part of the cir- 
cumference of the primary structure is left without winding, 
while in the polyphase motor this part contains windings also, 
which, however, are not used, or not effective when running as 
single-phase motor, but are necessary when starting by means of 
displaced к. м. r.'s. Thue in athree-phase motor operating from 
single phase mains, in starting, the third terminal is connected to 
a phase-displacing device, giving to the motor the crose-magneti- 
zation in quadrature to the axisof the primary coil, which at 
speed is produced by the rotation ‘of the induced secondary cur- 
rents, and which is necessary for producing the torque by its 
actions upon the induced secondary energy currents. 3 

Thus the investigation of the single-phase induction motor re- 
solves itself into the investigation of the quarter-phase or three- 
phase, or in general polyphase motor operating on single-phase 
circuits. 


If in а quarter-phase motor, or motor with two primary cir- 
cuits in quadrature, 


Y' = g'+ jb' = primary exciting admittance per circuit. 


1. Transactions, vol. xiv, p. 175, (May issue) 
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the same motor operating as single-phase motor on one primary 
circuit has the primary admittance, 

Y = 2 Y' = g + jb. 
Since the total volt-ampere and power input when running light 
are the same, as seen before. 

In the same way in the three-phase motor, or motor with three 
primary circuits if, 

Y" = g” + jb" = primary exciting admittance per circuit, 
the same motor operated as single-phase motor has the primary . 
admittance: 

Ү= ЗҮ" = 9+ jb. 
The primary impedance is that of the circuits used when running 
single phase. 

The secondary impedance is the resultant impedans of all 
secondary circuits, reduced to the primary by the ratio of turns, 
since all secondary circuits correspond to опе and the same - 
primary circuit in the single-phase motor. Thus if Z/! = r! — 
j v = secondary impedance per circuit of a motor with . 
quarter-phase secondary, or secondary of two circuits in quadra- 
ture, the secondary impedance of the same motor on single-phase - 
circuit is, 

= $4 2 =r jt | 

If Z” = r” — j x” = secondary impedance per circuit, of 
a motor with three-phase secondary reduced to the primary, the 
gecondary impedance of the same motor on single phase circuit is, 

L=} = т jt. | 
Or in general, in a motor with quarter-phase secondary, the 
secondary impedance is halved; in a motor with three-phase 
secondary, reduced to 4, since the total secondary winding сог. 
responds to one primary winding. Thus the slip is less in ће. 
single-phase motor. 

In diagrams Figs. 1, 2, 3, 4 and 5, the load curves of five typical: 
single phase induction motors are shows: 

These motors are identical with the five typical polyphase 
motors shown as Figs. 3, 4, 5, 6, and 7 of my previous paper! on 
the polyphase induction motor, and their constants, are abstracted. 
on Table I. of my previous paper, under X;, Xa, “з, X4, and Xs. 
on three-phase circuit, under x,', X, Хз, Xa, Ху! of this. 
table as single-phase motor. 


1. Transactions, vol. xiv, p. 175, (May issue.) 
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These’ motors are: 
THREE-PHASE, PER CIRCUIT; SINGLE-PHASE. 


1st—All.around good motor: 
У=.014+ 13, Y= .03 + 3j, 
ZL=1—37, .22.1—.Jj, 


ог А = .088 + .1J, 
v = 6.36, @ = 12.72, 
= 10.0 B = 10.0, 
y = 81.6, y = 81.6 
Fig. 3. Fig. 1 


2nd.— High resistance motor: 
Y-2.0--1j  Y-—.034 .37, 
Z=.2— 34, Ly = .2— .8 3, 


› = 
or: А = .067 — .1j, 

# = 7.26, oO = 14.52, 

В = ES В = 10.0, 

Fig. 4 Fig. 2 


-8rd.— High resistance and high admittance motor : 
Y= 04+ 4j, Y= 12 + 127, 


or 2, = 1—17, 
9 = 84.9, # = 68.4, 
В = 10.0, В = 10.0, 
y^ 210.7, үка (О.Т, 
Fig. 5. Fig. 3. 


4th.—High reactance motor : 


= oa | еу у Y= .06 + .67, 
Z = 05 — .3 Z = .1-—.63, 2 = 1 — .67, 
| ог: Z, — .088 — .2 J, 
# = 24.44, 9 = 48.88, 
B = 10.0, В = 10.0, 
y = 164, y = 16.4. 
Fig. 6. Fig. 4. 


Sth.—High susceptance motor : 
Y —.024-4j, Y — .06 + 12 j, 
Z=1—37, Ж=.11—.8), 


or: | = .088-Е.1/, 
ð = 25.35, @ = 50.7, 
B = 5.0, B = .5.0, 
y = 31.6, y = 81.6. 
Fig. 7. Fig... 
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That is, the three-phase motors X, X» Xs Ху, Xs operated 
from a single-phase circuit give the constants shown under X, 
X3, хз, X4, Xs. The primary admittance is increased three- 
fold, the primary impedance remains the same, and the secondary 
impedance is decreased to }. 


_,ООТРОТ WATTS pt 
1000 3090 3090 4000 X) 6090 7000 


Fic. 1.—Single Phase Induction Motor. Fie. 2.—Single Phase Induction 
Load Curves. Motor. Load Curves. 
Y = .о3 + 3J. Z = .033 — .1 J. Y= .03 | .37. 2, = 067 — 17. 
£5 —.1— 37. £3 = 3 — .37. 
£ É 
bs 
200 100i ——À ———31— SPEED 200 100 


Бе, 
| f |e 
40 Jj 
20 wf 
odeur watts V iis rr 
0 Е о 0 
1000 2000 3000 400 
Fic. 8 —Single Phase Induction Fic. 4.—Single Phase Induction 
Motor. Load Curves. Motor. Load Curves. 
Y = 1241.27. -‹ Z = л 0.17. Y = .06 +67 Ду = 033 — .27. 
= .3— .3. 25 =.1— 67. 


Since in a single-phase motor the primary impedance and the 
secondary impedance are generally very different, the approxi- 
mation Z, = Z, сап no longer be made, and in.dériving the 
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Fie. 7.—Single Phase Indnetion 


Es] 
ES 
E 
E 


280 
20 
10, Бк 
a © 
P eee 
z Е 
5 223) 
10,000 
\- и 
9.000 
180 
8.000 
M a 
im Ч 
140 
6,000 M 
И! 1:9 
i a 
100 
4,000 
80 
3,000 
` e 
€ Pt TP AN 
1 
| NI 
P gmmuEb MEMNEEFTTT | TO a 
E. ia i о 109 8 7 6 D A 3 2 4 0 
$ 6 7 6 5 4 3 2 4 0 
Fio. 6.—Single Phase Induction Fie. 8.—Single Phase Induction 
Motor. | otor. 


Y= c3 +27 Ду = 033 — 17. У = .о3 — 3/. £, 7.031 14. 
c—.3J. 7% 3 Jt. 


= м, 


44 STEINMETZ ON SINGLE PHASE [Feb. 23, 


characteristic constant 3 and the power factor у, the average of 
primary and secondary impedance is used. 


Z-ZA.-Z-lhj ro 


The average impedance is 3, the primary admittance, three 
times that of the three-phase motor, thus the characteristic 
constant 9 is doubled. 

The same result applies to quarter-phase or any other poly- 
phase motors. 

That is: An induction motor operated on single-phase circuit 
gives twice the characteristic constant ô, but the same power 
factors B and 7 as the same motor operated on polyphase circuit. 
The discussion in my previous paper on the effect of the con- 
stants J, 3, y on the behavior of the polyphase motor essentially 
applies to the single-phase motor aleo. 

Ubviously, if the power factor of the secondary is different 
from that of the primary, the constant y will be modified by the 
change to single-phase. Thus with high resistance secondary, 
where the power factor of the secondary is higher than that of 
the primary, on single-phase circuit the resultant power factor 7 
is lower than on polyphase circuit. 

The differences in the load curves of the induction motor on 
single-phase and on polyphase circuit, are essentially those corre- 
sponding to the doubling of the characteristic constant 3. Thus 
comparing X; x; with the two three-phase motors of my 
previous paper which have the same characteristic constant 3, we 
find very nearly the same power factors, efficiencies, apparent 
efficiencies and exciting currente. The values are not perfectly 
the same, since the slip s in the single phase motor is only about 
half or less of that of the three-phase motor, in consequence of 
the lesser secondary impedance. 

Comparing. however, the single-phase motor with the same 
motor on polypliase circuit, we see that the former is inferior, as 
to be expected from the change of the characteristic constant 9, 
which, as discussed in my former paper, is the fundamental 
-characteristic determining the quality of the motor. Especially 
great is the inferiority of the single-phase motor with poorer 
motors ; less, although still very marked with good polyphase 
motors. The single phase motor is inferior, especially at light 
load, mostly due to its lower power factor. 
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The best insight into the changes which have taken place by 
operating polyphase motors on single-phase circuits, is given by 
comparing the load curves in the diagrams. As seen, the effect 
is a general decrease of the curves, especially at light loads, nak- 
ing them rise much slower and to lesser maximum values. 

In general it can be said that a fair polyphase motor makes a 
poor single-phase motor. A good polyphase motor makes a fair 
single-phase motor, and to get a good single-phase motor an ex- 
ceedingly good polyphase motor is required. 

The speed is much more constant in the single-phase induction 
motor than in the polyphase motor. 

The maximum torque and output of the single-phase motor is 
somewhat greater than that of the three-phase motor per circuit. 
Hence, since the total torque and output of the three-phase motor 
is three times that per circuit, the single-phase motor at the 
same impressed к. м. F. gives less than half the output of the 
polyphase motor. This is the cause of the inferiority of the 
single-phase motor. With the same volt-ampere excitation, the 
same loss of energy in the iron, and somewhat over half the loss 
of energy in the copper, the output is reduced to less than one- 
half. | 

Obviously by operating thesingle-phase motors at higher volt- 
age, or what means the same, rewinding them for a higher density, 
their output can be increased, but as discussed before, their con- 
stants are not changed thereby. Limiting the output by the 
heating of the motor, that is the loss of energy therein, the per- 
missible rating of a motor on single-phase circuit is about from 
3 to 3 that of the same motor rewound for polyphase cir- 
cuits. In this case, the magnetic density of the single-phase 
motor is from 25 to 30% higher: thus the exciting volt-amperes 
and the loss in the iron correspondingly higher, as represented by 
the constants of the motor. 

The falling off of the toryue and the output of the single phase 
motor with decreasing speed, is much more abrupt than in the 
polyphase motor, since the expression of the torque of the single- 
phase motor contains the speed (1—з) as factor, while that of the 
polyphase motor does not. 

Thus, while in the polyphase motor the insertion of resistance 
in the armature does not change the torque, but merely shifts all 
its values toward lower speeds, in the single-phase motor resist- 
ance in the armature not only shifts the values of torque towards 
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lower speed, but also reduces the values due to the factor (1—5) 
entering the expression of torque. In Figs. 6, 7 and 8 are shown 
speed curves of the motor X! for the armature resistances, 

r, = .033 (short-circuited armature), 


7, = .0888, 
үү к= ш, 
Py = .533. 


corresponding to the resistances .1, .25, .6 and 1.6 in each of the 
three armature circuits. Thus these figures give the torque, 
power factor, torque efficiency, apparent torque efficiency and 
current as function of the speed on single-phase circuits, of the 
same motor and for the same armature resistances, for which the 
curves on three-phase circuit are shown in Figs. 10 and 11 of my 
previous paper. Thus these diagrams are directly comparable. 

The torque curves of the single-phase motor have the same 
general character as those of the three phase motor; a stable 
branch between synchronism and maximum torque and an un- 
stable branch between maximum torque and standstill. The 
difference, however, is that all the single-phase torque curves 
slope toward zero at standstill, while the three-phase torque 
curves reach definite values at standstill. With increase of arma- 
ture resistance, the maximum torque point shifts towards lower 
speed, but at the same time decreases in the single-phase motor, 
while it remains the same in the three-phase motor. In the sin- 
gle-phase motor, the maximum torque point is nearer synchro- 
nism, that is, the speed regulation is better. 

In the single-phase motor a stable and an unstable branch of 
the torque curve always exists. In the polyphase motor the lat- 
ter disappears beyond a certain secondary resistance, and for in- 
stance no longer exists in the above discussed motor for 7, = .6 
and л, = 1.6. 

The current curves in Figs. 7 and 8 on single-phase and on 
three-phase circuits show the same general character, with the 
modification due to the lesser slip of the single-phase motor, 
which causes the same shape to correspond to a higher resistance. 
For instance, 7, = 1.6 in the single-phase motor gives about the 
same shape as љт = .6 in the three-phase motor. The power 
factor curves have tle same character, but the single-phase curves 
reach a lower maximum only, at a lesser slip. 

Torque efficiency and apparent torque efficiency are different 
in so far as these quantities in polyphase motors approach finite 
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values at standstill, while in single-phase motors their curves slope 
towards zero at standstill. The torque etticiency and apparent 
torque efficiency reach their maxima at higher speed or lesser slip 
on single-phase than on polyphase circuit, and are lower. 

It is obvious herefrom that the single-phase induction motor, 
while quite fair in the range of speed above the maximum torque 
point, becomes very unsatistactory below this point, or at lower 
speeds. Armature resistance in the single phase induction motor 
brings the maximum torque point down to lower speeds. Lut 
since the maximum torque point is lowered, the more the speed is 
reduced at which it takes place, single-phase motors cannot be 
operated on rheostatic control for variable speeds as satisfactorily 
as polyphase motors, and armature resistance is thus used mostly 
only for starting the motor. 

Since the torque of the single-phase motor falls off in any case 
with decreasing speed, the use of variable armature resistance in 
starting a single-phase motor is far more necessary than in poly- 
phase motor. For instance, the three-phase motor in Fig. 10 of 
my previous paper will carry one-third of full load from stand- 
still up to synchronism with short-circuited low resistance arma- 
ture, and practically full load from one-half speed. The same 
motor assingle-phase motor will carry one-third load from one- 
fourth speed, or two-thirds load, from one-half speed up to syn- 
chronism, only when the armature resistance is the most favor- 
able, 7, = .6. | 

At standstill the single-phase motor torque is zero, and thus 
some starting device, electrical or otherwise, is needed. This 
starting device, however, while it needs not to bring the motor up 
to full synchronism, as necessary with a single-phase synchronous 
motor, has to bring it up to some speed, since only at about one- 
fourth speed the inherent torque of the single-phase induction 
motor becomes noticeable, and considerable only at about one- 
half speed. With short-circuited low resistance armature, the 
starting device has to bring the motor up fairly close to synchro- 
nism. 

Concatenation or tandem control of single-phase induction 
motors can be used, but the result is not as satisfactory as with 
polyphase motors, since the magnetic field of the single-phase 
motor becomes uniform only when approaching synchronism, and 
thue at half speed the к.м.к. induced in the secondary is pulsating 
in intensity. 
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The effect of the change of frequency and change of the 
number of poles, etc. is the same in the single-phase motor as in 
the polyphase motor, and the investigation regarding hereto is 
directly applicable to polyphase as well as single-phase motors. 

In the preceding discussion of the single-phase motor, the as- 
sumption has been made that the magnetic field of cross-magneti- 
zation produced by the armature currents is proportional to the 
counter к. м. к. of the motor and to the speed. In reality it 
varies with a more complex function of the speed, and thus the 
torque curves calculated with this assumption, do not show the 
perfect coincidence with the results of tests as is the case of the 
polyphase motor, although they agree fairly well. 


TORQUE 188. 
AT 1 FT, RAO. 


5 


Fig. 9. Fic. 10. 
1.8-30-900-110, Form “А.” 60 Cycles, 1.8-30-900-110, Form “А.” 60 Cycles, 
8 Poles, 110 volts. Single Phase. S Poles, 110 Volts. Single Phase. 

Curves Calculated with V = 135 + 1.15 7. Speed Curves. 
Zo = 045 — .124 7. £ = .0137 — .041 J. Calculated with: V = .135 + 1.15 J. 
Friction : боо Watts at Synchronism. Zo = «45 — .124 7 Z, = .0134 — .o41 f. 


Observed by Test : 4- soo Synchronous Watts Fricti: n. 


X Observed by Test. 


A further assumption has been made by representing the 
м. M. F. of cross-magnetization by a doubling of the primary im- 
pedance, but neglecting the effect of the armature currents pro- 
ducing the cross-magnetization. 

In Fig. 9 are shown the load curves, and in Fig. 10 the speed 
curves of the 1—S—30—900—1060 cycles, form A, the same 
motor of which the three-phase load curves are given in Fig. 1 
and the three-phase speed curves in Fig. 2 of my previous paper. 
These single-phase curves are calculated for the same impressed 
voltage, that is the same magnetic density, and with the same 
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constants as the three-phase curves in the previous paper, with 
the changes discussed above ; trebling the primary admittance and 
reducing the secondary impedance to one-third. The results of 
tests are marked by crosses. As seen, е coincidence between 
test and calculation is quite good. This motor is the first 60- 
cycle induction motor built, and thus does not now represent the 
present state of the art, but is used here, owing to the very com- 
plete investigations made with it. 


5 2. Sinave-Paase Inpuction Motor Startine Devices. 


As seen in the preceding, the single-phase induction motor at 
standstill has no starting torque, since the line of polarization due 
to the armature currents coincides with the axis of magnetic flux | 
impressed by the primary circuit. Only when revolving. torque 
is produced, due to the axis of armature polarization being shifted 
against the axis of magnetism by the rotation, until at or near 
synchronism it is in quadrature therewith, and the magnetic dis- 
position thus identical with that of the polyphase induction mo- 
tor. 

Leaving out of consideration starting by mechanical means, 
and starting by converting the motor into a series or shunt motor, 
that is by passing the alternating current by means of commuta- 
tor and brushes through both elements of the motor, as methods 
of starting single-phase motors are left: 

1st.—Shifting of the axis of armature or secondary polariza- 
tion against the axis of inducing magnetism. 

2nd.—Shifting the axis of magnetism, that is producing a 
magnetic flux displaced in position from the flux inducing the 
armature currente. | 

The first method requires a secondary system which is unsym- 
metrical in regard to the primary, and thus, since the secondary 
is movable, requires means of changing the secondary circuit, that 
is commutator brushes short-circuiting secondary coils in the po- 
sition of effective torque, and open-circuiting them in the position 
of opposing torque. 

Thus this method leads to the repulsion motor, which isa 
commutator motor also. 

With the commutatorless induction motor, or motor with per- 
manently closed armature circuits, all starting devices consist in 
establishing an auxiliary magnetic flux in phase with the induced 
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secondary currents in time. and іп quadrature with the line of 
armature polarization in space, tiat is they consist in producing а 
component of magnetic flux in quadrature in space with the 
primary magnetice flux inducing the armature currents and in 
phase with the latter; that is in quadrature with the primary 
mawnetic flux. 
Thus if 
P = polarization due to the induced ог armatare currents, 
M = auxiliary magnetic flux, 
Ф = phase displacement in time between M апа P, and 
w = phase displacement in space between Jf aud P, the 
torque is 


T= P Msin о сове. 


In general the starting torque, apparent torque efficiency, etc. 
of the single-phase induction motor with any of these devices are 
given in per cent. of the corresponding values of the same motor 
with polyphase magnetic flux, that is, with a magnetic system con- 
sisting of two equal magnetie fluxes in quadrature in time and 
space. 

Thus all starting devices of the commutatorless single-phase 
induction motor consist in the production of a component of mag- 
netic flux displaced from the axie of polarization of the induced 
or armature currents. 

The infinite variety of arrangements proposed for this purpose 
can be grouped into three classes. 

Ist. Phase-Splitting Devices.—The primary system is com- 
posed of two or more circuits displaced from each other in posi- 
tion, and combined with impedances of different inductance 
factors во as to produce a phase displacement between them. 

When using two motor circuits, they can either be connected 
in series between the single-phase mains, and shunted with im- 
pedances of different inductance factors, as for instance, @ con- 
-densance and an inductance, or they can be connected in shunt 
between the single-phase mains but in series with impedances of 
different inductance factor. Obviously the impedance used for 
displacing the phase of the exciting coils can either be external 
or internal as represented by high-resistance winding in one 
coil, ete. 

In this class belongs the use of the transformer as phase-split- 
ting device, by inserting a transformer primary in ;series to one 
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motor circuit in the main line, and connecting the ether motor 
circuit to the secondary of the transformer, or by feeding 
one of the motor circuits directly from the mains, and the other 
from the secondary of a transformer connected across the mains 
with its primary. In either case, it is the internal impedance, 
respectively internal admittance, of the transformer which is com- 
bined with one of the motor circuits for displacing its phase, 
and thus this arrangement becomes most effective by using 
transformers of high internal impedance or admittance, that is 
poor transformers. 

2d. Jnductive Devices.—The motor is excited by the combi- 
nation of two or more circuits which are in inductive relation to 
each other. This mutual induction between the motor circuita 
can either take place outside of the motor in а separate phase- 
splitting device, or in the moter proper. 

In the first case the simplest form is the divided circuit whose 
branches are inductively related to each other by passing around 
the same magnetic circuit external to the motor. 

In the second case the'simplest form is the combination of a 
primary exciting coil and a short-circuited secondary coil induced 
thereby on the primary member of the motor, or a secondary 
coil closed by an impedance. 

8d. Monocyclic Starting Device.—An essentially wattless 
E. M. F. of displaced phase is produced outside of the motor, 
and used to energize a cross-magnetic circuit of the motor, either 
directly by a special teaser coil on the motor, or indirectly by 
combining this wattless к. м. к. with the main Е. м. к. and there- 
by deriving a system of к. м. F.’s of approximately three-phase 
or any other relation. In this case the primary system of the 
motor is supplied essentially by a polyphase system of Е. m. Е. 
with a single-phase flow of energy, a system, which I have called 
“monocyclic.” 


A. Puase Spuitriné DEVICES. 


Parallel Connection. Let the motor contain two primary cir- 
cuits of different inductance factors in parallel between the 
single-phase mains, and at right angles with each other in space. 

Two equal primary circuits, of the apparent impedance,' 

Z =r — jz, 


impressed E. M. F. 
current 


1. Including secondary circuit, that is, Z = in. motor coil 
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are arranged at right angles on the motor field, and connected in 
series with the respective impedances : 
Zi = n — J x and Z, = r, — j 0, 
in parallel across the single-phase mains of impressed E. M. F., 
E=e 
as shown diagrammatically in Fig. 11. 
Let E, and I, = Е. м. F. and current in first, 
Е, апа 1, = © M * — * second motor coil. 
The angle of phase displacement between the к. м. r.'s, E, and 
E, be: 
(E; Ej = o. 
The torque of the motor is proportional to: 


T, = E, E;sin о l 


Fic. 11. 


while the torque of the same motor with uniform or polyphase 
flux, that is as quarter-phase motor with E. M. F. e per phase, is 
proportional to: 
dc 
Hence, the relative starting torque of the single-phase motor, 
or the ratio : 
torque single-phase 
torque polyphase 


? / NES D^ 2 
e 


at same impressed E. M. F. e, is: 


sin w. (1) 


Let: I = I, + 1, = total current taken by the motor on 
single phase circuit of E. M. F. e, and 7 = absolute value thereof. 


1. E, I, еіс. denoting the complex vectors, #,, 7, their absolute or scalar 
values. 
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The total current taken by the motor on quarter-phase circuit 
of Е. м. Е. е per phase is: 


2e 
AET. Ре 
hence, the ratie of currents : | 
I Ги фа 
“=f 3e — (3) 


and consequently, the ratio of apparent torque efficiencies of the 
motor on single-phase and on polyphase circuits, or the re/atove 
apparent torque efficiency of the motor starting device, is: 
t Nit 
д = —_* zu 
e X. D. 
_2 E, E, sin w (4) 
"el yp + pur! 
In this single-phase motor etarting device, it is: 
Current in first motor coil : 


bc (5) 


е 
Zing, 
in the second motor coil: 


e 
= J——7 6 

2 + 2 6) 
hence, total current : 


EE Кы, _682+2 +2) 7 
VS Un ZI (0 
or, absolute: 


ae w 
Vir rY + (w+ ay] [(^ R0 + @ + 25), 
and, ratio of currents : 
FeV (IERI x (op He) 
"ma FFAN (rt 2 ) + 6*4 =) 
ho ж-т) + eta Vr + ту + TESTÉ 


The к.м. к. across the first motor coil 18: 


a _ eZ 
Е,= Zl, =з Zu! 
e(r —j х) 
~ & Fr) — 7 @ а) (10) 
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or absolute : 


СЕНЕ Se i LN (11) 
V(r + ry + (@ + 2) 
and analogously, across the second motor coil: 
Eom о _. 12 
= Ce Ce oa 


V(r + 12) + (e + ж) 
The phase displacement w between the x. м. кв Ej and Ёз is: 


а (cosa + 7 sin w) = a 


Е, 
= T) uy (т + T) __ (14) 
+r) —J (@ + e) 
[(r+7) PR +j [ær тал) ri (e 4-22)] 
(r4-r Y H- atr, 
hence: 
2 Ж + тў? - + т, ўї To + а Б аъ) 
Arb ny + e+ ay 
апа: 
em | m7 (m - — m) + r, (æ + ai) — r (2 4 а y. (15) 


V(r + ny + (ш + а) Vir+ 7. r? + = 
Substituting (11) (13) (15) into (1) gives the relative ai of 
starting device: 
j s (7 + a?) [r (2, = 2^) + "n (ә + a) — 7, (т + 2,)] (16) 
(r+ nl + (e+ my] (r+ n + @ + my] / 
-~ and, (9) and (16) combined, give the 
relative apparent torque efficiency of the starting device: 


в—— y rrt [nr — atr r G7) (17, 


—— — eee eee 


с у Те Ер y (r3 74)! Hara)’ V (r- pP Ty pa t toy 


SPECIAL CASES. 


1. Resistınce а in series with one motor circuit: 
T, = а, Ac cmm 
Relative torque: 
ax 


KEZDETI 


л 
“л 
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Relative current: 
V(r+ на 
Nc E 
Relative apparent torque efficiency : 


$= oo 
We + ay ә N (r++ 


2. Reactance ain series with one motor circuit г 


ay m @, m yum. 
Relative torque: 
_ ar 
= ае ay 


Relative current: 
V aY 
"+(2+5) 


D —— M i — s SN 
Vr + (2 4- ay 
Relative apparent torque efficiency : 


CEN RET 
Vt (et ay N P + (o2) 


Thus, reactance a in series with one motor circuit gives the 
same values, but with ^ and a exchanged for each other, as re- 
sistance а in one motor circuit, or: a reactance @ has on a motor 
of impedance Z = b — jd the same effect as a resistance a on a 
motor of impedance Z — d — jb. 

In a motor of high reactance (permanently short-circuited 
armature) resistance @ in series, in а motor of high resistance 
(variable starting resistance) reactance а in series gives better 
torque and apparent torque efficiency. 


As instances are shown in Fig. 12, the relative apparent torque 
single-phase 


ТТ, ав function of 


efficiency, or apparent torque efficiency 
the reactance a inserted in one of the two equal primary motor 
circuits, for the motors with apparent impedance: 
| 1. Z-1—8j. 
2 Z2=3—1). 
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If a is resistance instead of reactance, the two curves in Fig. 
12 merely exchange their position, as shown in parenthesis. 


8. Inductance and Capacity. 
ty = — (ш, + 2 2). 


-HH tt 


ШЕЕ 


- 


MLILIILI OLI. 
МЕССЫ 
ананан ЕЕЕ 


N 
DL 
ERR 


Кто. 12. 
Single Phase Induction Motor. Ratio of SPD Torque Efficiencies. 


Starting Device. ingle Phase. 
Reactance — / а in Circuit of one of the —D-lenhasca 
two Motor Primaries. Total Impedance per Polyphase. 
Motor Coil. Z=3—1yfort— 37. 
A Phase Splitting Device. 


Relative torque: 
2 (+) (e xm) (r +A) 
=e Fry F eF а] ür-42- eN 
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Relative current : 


Ма (r+ DE) 
T Vr +r (аў Ver F ny + w+ а) 


ЛЫ | PT TT 
ALE fest Pp 


ah db чь ч kA fo oh за зз ak sb за tras 


Fic. 18.—Single Phase Induction Motor. Starting Device. 
Reactance — / 5 and: + 7 (4 ae 2X) In Сисак of the two xad С о ls of Total Impedance. 
2=,—ух=з—а1/ог:1—3 
Ratio of Apparent Torque Efficiencies. A Phase Splitting Device. 
Single Phase 


Polyphase | 
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Relative apparent torque efficiency : 
2 V? + (8 а) | 
Wr Hrn (Ба) V(r ny + (+ ay 


3 5.— 
2-5 Hs os. 
X, = — (b + 2 x. 
Relative torque: 
pa Bre $d) (P+ 2) 
[^ Y (+? 
Relative current : 
fai 7VP = r. 
T + (æ+ by 


Relative apparent torque efficiency : 
= (2+ 0) Vr+ 2 


r+ (e+ oy 
At: b = -— zr: 
t = 0, д = 0, 
as to be expected, since: ж = — 2 = а. 


As instance are shown in Fig. 13, the relative apparent torque 
efficiency, as function of b, for a motor of apparent impedance: 
1. Z= 1—83. 

2 2= 8—1. 
As seen, very high values can be reached by two capacities in 
a motor with low resistance secondary; the high maximum is 
within а narrow range, however, and very near the point where 
the torque reverses. 


SERIES CONNECTION. 


Let the motor contain two primary circuits of different inductance 
factors in series, and at right angles with each other in space. 
Two equal primary circuits, of the apparent admittance' 
F=g+ jb 
are arranged at right angles with each other in the motor field, 
connected in series with each other in the circuit of the impressed 
E. M.F. E = 2 e, апа shunted by the respective admittances : 
Y, = g, +j baud Y, = 9 +7 by 
as shown diagrammatically in Fig. 14. 
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Let: 
Е, and I, = Е. м. F. and current in the first, 
E апай = “ e « * —* second motor coil, 
and : 


(E, E) = о the angle of phase displacement between E, 
and E. 

The torque of the motor is proportional to : 

| Т, = E, Ё,вїп о 2 
while the torque of a quarter-phase motor with the Е. м. F. e per 
phase (or motor coil) is proportional to : 

d Se. 

Hence, the relative starting torque of the single-phase 

motor, or ratio. 


torque single-phase at E.’M. Р. 2 e across both motor coils, 
torque polyphase at E. M. F. e per motor coil, 


Fic. 14. 


is: 
E uei. фиш бога шый 1 
7 А (1) 
The current per motor coil at E. M. F. e and quarter-phase cir- 
cuit i8: 


or, absolute: | 
ъ= VET E. (3) 

hence the apparent input, quarter-phase : 
2e14,—2eyb rg. (4) 


The joint admittance of the motor coils with their shunts, on 
single-phase circuits is : 
ý 1 (rF Y)CY 4 Р, 
1 4 1 92Y--rY--r" 
Y+ Y, Y + Y. 


1. and 2. see page 110. 
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hence the current, 
at impressed Е. M. F. 2 e: 


CE E Y) (Y + Їз) (5) 
ИГРЕ: ГЕН 


or absolute : 
Ta CVG + 9) +b t hy Vg + 9 + (5 + by © 
п+ gy b+ 6 Y 
STET NUES 
and, the apparent input: 
2 e V(g + gy + 6+ yy Y(g 4+ 92) +0 + 6) 
M (gt 234 Y (00) 0 
hence, the ratio of apparent inputs or relative apparent input : 


patel VUEIT ETEN o 
2 е1, Уй + On (g + et ey a (o - 21-5) 


The к. м. F. across the first motor coil is: 


9е1 = 


І 
SS Sess cras 9 
E 1 Р | Р, ( ) 
hence, substituting (5) in (9): 


E, = е (Ү + Y, 
poda (10) 


or, absolute : 
e Vig +n) + (b + y 
о T 9Yy by + ^y (11) 
v( ? Tq ) "s ( то 
end analogously, Е,. 
It is: 


= 


— I 
ЗЕЕ 


This combined with (9) gives the angle о between Æ; and £, as: 
Ко а ба Y, (9 + 9) +j (5 + 5) (12) 


Y+ F, (0+9) +30 +0) 


апа Госа, analogously as on page 54: 
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ып ш = 655 —5)-- 4 0 -F53—g4 6h) з) 
V(g -- 9 + (6 + 0) V(g Б? + (+ 5 
(11) and (13) substituted in (1) gives the relative torque: 


— 9 (5 — b) + ge (b + 5) — gi (6 + b) | 
(9 + ut 0) (o Gases a) i (14) 


and, (14) combined with (8) gives the relative apparent torque 
D ns 


ИН [gb hn +H) TRO) ___ 
VETE FRE «TIUS (2) boue (15) 


Ав seen, the relative apparent torque efficiency of the single- 
phase motor starting device with series connection leads to the 
вате expression in the admittances, as parallel connection leads 
in the impedances. That is, replacing in the formula for parallel 
connection, on page 54, the resistances and reactances by the con- 
ductances and susceptances, give the formula for series connec- 
tion. $c 

Relative torque and relative apparent input would give the 
same formulas in admittances in series connection, if in this case 
the values for constant impressed primary current had been com- 
pared with the values for constant impressed primary к. м. F. in 
parallel eonnection. "The apparent torque efficiency is independ- 
ent of x. м. F. or current, thus gives the same expression. 


SPECIAL CASES. 
1. Conductance (or resistance) a shunting one motor coil. 


Ф = а, фу = =, = 0. 
Torque: 


{== "E Á . 
PET 


Current : 
ess V(g + V(g + ay uU - 02 


(+ +5) +8 
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App. Torque Eff. 
ab 


V (oaf e^ (9 +2) +e 


2. Susceptance (or reactance) a shunting one motor сой. 


д = 


b, -a, ф, = ф» = = 0. 
Torque: 
a 
^+ (0+3) 
Current: 
i Vy. + (b+ ay. 
V+ (3 + а), 


А рр. Torque Eff. 


ag 
д = NE LOL E a Л со 
Ме+ (b+ а) Vet (54-2) 
Obviously, regarding the effect and the relative advantages of 


conductance or susceptance, the same applies as stated on p. 4, re- 
garding’ resistance and reactance. 


Instance: 
a Y-—14-3j 
В. Ү=зЗ-+ 1}. 


3. Inductance and capacity. 


б, = a, 
b, = — (a+ 2 0), 
д, = 9,2 = 0. 
Torque: 
| , 2 (a + b) 
g 
Current: 


App. Torque. Eff: 
à 2(a-- 9) vg +h 
FF OTH 
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B. Inpuctrive DEvIcEs. 
EXTERNAL INDUCTIVE DEVICES. 


Inductively divided circuit.—In its simplest form, as shown 
in diagram Fig. 15, the motor contains two circuits at right 
angles, of the same admittance: 


"= g + jh. 
The one circuit (1) is in series with the one, the other (2) with 
ће other of two coils wound on the same magnetic circuit M. 
Let: 
e = E. M. F. across single-phase mains. 
Z = — j x = impedance of one turn on the magnetic cir- 
cuit M. 
nı, I, E, = number of turns of M, current and Е. M. F. across 


motor coil of circuit (1); 75, Iz, Е, the corresponding values 
of circuit (2). 


Fic. 15. 


If both coils on M are wound in the same direction, n, and л, 
are positive; if the coils are wound in opposite direction, n, and n; 
are of opposite signs. 

The м. M. F. acting upon magnetic circuit M is: 


JS=nl +1, | (1) 
consequently, the к. м. F. induced per turn оп M: 
SZ = (n, I, + No 1,7, (2) 
hence the є. м. F. across coil (1) on M: 
Ei =f E= n(n Ll +n 1) 4, (3) 
and across coil (2): | 
E) = mf Z = m (m l mil) Z. (4) 
The currents in the motor circuits (1) and (2) аге: 
= Е, Y, (5) 


I, = E, Y. (6) 
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Substituting (5) and (6) in (3) and (4), it is: 


E, = n, (n; E; + n, E) 2 Y, (7) 
E; = п, (п E, + ^; Ej) Z Y. (8) 
It is, however: 

E, + E; = e = E, + EA (9) 

Thus, substituting (7) and (8): 
Е, ((П1+»#2У)+т®ъ»»Е/Ү==‹є, (10) 
ътЕЛ Ү-+(1-+ 4/7 У) Е, = е, (11) 

hence: 

Е, = е 1 т (п т) 2 Y (12) 


1 + ne tn’) ZY’ 

,l—m(m—n) ZY 

Е + п) Ү? 

or substituting Z = — jæ; Y —9g--j5: 

й — ni) 

E, Im 14 

1+ 2b (ng + nt) — j wg (ny? dnm)" " 
— „1 — 20 n (n — п) + jag m (m— n) 

е ааа 15 

Р, 1 + xb (nè — nè) — j æ g (nè + nj) (15) 

The condition that the к. м. F.’s Æ, and £,, and thus the two 
motor fluxes, are in quadrature, is: | 

Е, =jak, (16) 


E, = (13) 


where: 
а = ratio of E. м. r.'s ^, and thus of fluxes produced by 
them. i 

Substituting (14) and (15) in (16), it is: 


1 — 2b т, (па — т) Hj xg n (n —n) = jat ja xb n (n, —n) 
+ eg n (ny — т). 


thus: 
£b n (љ — n) + a & g n, (n, — nj) = 1, 
L J т (Nng — n) — a z b n, (n5 — n) + G, 
от. 
2 (n; — n) (bn, +agn) = 1, (1T) 
2 (па — п) (g n — a b m) = а, (18) 
hence : 


bn Hagn _ 1 
gn — abn a 


(19) 
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berefrom: 


adm tm) ж Vi К Еу ны, (зо 


Ы 2 п g 


or, assuming а as chosen, from (19): 


m  b+tag 
ao a (a. (21) 
Substituting (1) in (12): 
2 "ng = ga bf tn 99 
сат Gu—ej-z2«ebp CP 


__G@—abb+ag)_. 
та FE OU —a]— 325 (5) 


2 а + a gy 
om = FFAG asad) 


As instance, let : 


1. 
Ү=1-+3), 
2 — (1 — 8a) Я 
ы 10 a (1-— 6 a — a?) 
2 __ (1— 38a) (8+ а), 
‚тат = 19—6a-— e) 
2 == a (3 + a) 
m = 30 бл ay 
2. 
Y-8-r17j 
(3 — а) 


2 = ә 
77 = 10a(8 —9a —8 d) 
— (3—2)(-F-32) 
Uis = 008—903 a 
# 2s a(1-+ 3ay 
em = 19(8—22a —8 a5 
2 n? and 2 л, must be positive. 2 n, n; is positive if the'coils 
on M are wound in the same; negative, if in opposite direction. 
It follows herefrom: 


1. 
a> V10—3 rn? < 0, 
> .1623 
that is, impossible, 
VW10—3>a>0: тт > 0: 


со] on М wound in same direction. 
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0>a>— yl0-4-3: z nj < 0, 
that is. impossible. 


— (v10 + 3) р a, n, n4 0: 
coils on M in same direction. 
This is the same range as above, but with Æ, and Ё, reversed. 
9. 
a>414(¥v10— 1), an? < 0, 
PENA 
that is, impossible. 
L (V10 —1)>a>0, nn? > 0, 
«oils on Jf wound in same direction. 
0»2a»--4(W10--1, wn? < 0, 
that is, impossible. 
—}4(V10 4 1) » a, n, n, > 0, 
«oils on M in same direction. 
This is the same range as above, but with Æ, and Æ, reversed. 
Instance: 


1. 2 
a= sl а= .5 
т = 1.26 x n? = 1.00 
XMM = .555 2 7, Ng = .5 
хт = .247 en == .95 
Ny = 2.25 n, т = 2n, 


Substituting in (14) (15): 


3.1— T) 
ecc o ES 5 ‘ ; 
E, = ES "yim 6 e(1 + .044 у) 


в = 15 (1—7), 4 
Е, = 235—357 e = .48.4 (.97 + .24 9) e. 


us, с нр, TT 
Pee Eg 6 e( — .044 + 7). 


— 75a+7) ‚_ m^ | 
Е, = 235-3157" = .24.2 ( — .24 + .97 у) е. 
Substituting (22), (23) and (24) in (14) and (15) gives: 
е\(2 а) –7 (9-90) fg[1-a@]-2ab} (5) 


E= 
{(-a) ag by(1-a*)-ab*}}-j (P 1-21] ау (17 ] E2870] 
potet SEM DEIN. e. ү 


Banie 
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The current in circuit (1) is: Lo Bea, 
The current in circuit (2) is: I= Е, У, 
thus the total current : 
I= L +h = (E + E) Y, 
= (E, + E) (y +74). (27) 
Substituting (25) and (26) in (27): (25) 
Jon 19а 08) 7 4-09) (1-0?) +4 adg]} ig -0)- 243] 
-eag аа Рай) -2aDg (1-85) 3- 24D] 
Ав instance may be considered: 
У= 2+3 = 38 +43. е = 100. 
== 
== 


><, 


R NEUE E 
+15 


N 
NOM III) 


E 
И | 
E 
E 
E 
ps 
E 
E 
E 
` 
Е 
Е 
Е 
Е 
E 
" 
Е 
Е 
й 
D] 
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where: 


I, = 2 е Vb? + g? = total current input of motor on quarter- 
phase circuit ; 


a = torque, and 


t = apparent torque efficiency, in fraction of that of the same 
motor on quarter-phase circuit. 

As seen before, with an inductive armature: FY = 1-4 37, 
the conditions are much more unfavorable. 

In Fig. 16 are plotted, with the values с as abscissm, the 
E. M. F8 Æ and Æ, the current /, the relative numbers of turns 
n, Vx and n, Ух, and in the upper part of the Fig. 16 the ratio 
of currents q, of torques p, and of apparent torque efficiencies /, 
of this starting device, compared with the same motor on quarter- 
phase circuit. 


INTERNAL INDUCTIVE Devices. 


The exciting system of the motor consists of a stationary 
primary coil and a stationary secondary coil, short-circuited (or 
closed by an impedance) upon itself, both acting upon the re- 
volving secondary. 

The stationary secondary can either cover a part of the pole 
face excited by the primary circuit—shading coil,—or it can 
have the same pitch or angular spread as the primary, but be 
displaced therefrom in space by an angle less than 90°—accelerat- 
ing coil. 

A.—Snapine Colt. 

Let, in Fig. 17, 

€ = primary impressed Е. M. F. 

1j * current. 

I, = current in shading coil, reduced to primary number of 


E, = к. м. F. induced by flux through shading coil. 


Кш ~“ " * unshaded flux. 
Ic 2 = internal admittance of primary соп. 


0. Flux interlinked with primary coil only, but no other circuit and effec- 
tive primary resistance. 
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I - 7 = internal admittance of shading coil.! 
1 


Y = load admittance of armature.* 
Yo = magnetizing admittance, total pole. 
a = shaded portion of pole. as fraction of total pole, 
thus: 1 — а = unshaded portion of pole, as fraction of total pole. 
All quantities being reduced to primary number of turns. 
It is, then: 
Current in shading coil : 
hc. (1) 
For the unshaded section of pole, it is: 
Current in primary coil : 
= 6 {0—4 еса (2) 


the first term representing the reaction of the induced armature 
currents, the last the exciting current of the pole are 1 — a. 


Sa Ti a nes 

Ё ARMATURg CUTS 
— fp 

Fio. 17. 


For the shaded section of pole, it is: 
Current in primary сой: 


1=Е fa Y+ 294+ ү, |. (3) 


the third term I, = E, Y, representing the reaction of the in- 
duced shading currents, the first and second term the same as in 
(3). 
Combining (2) and (3), it is: 
E | @—)Ү+ Y | — E, | a Y4 Ter] =0. (4) 


00 
l—a 


1. Flux interlinked with shading coil only, but no other circuit, and ine 
ternul resistance, together with impedance of external circuit closing shading 
coil, if such exists. 

Current in rev secondary 


9. E. M. F. acting upon total pole with shading coil open circuited. 
Current in primary of total pole , : | | | 
S e ar ^ 7 РЯ with shading coil and armature open circuited. 
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It is, however, in primary circuit : 
е = E+E +h=h+E+4 +. (5) 
Substituting (3) in (5): 
Y,t+a¥Y+ B 
e = E, + E, + E, EE C m d 


or, transposed : 


Y, + Y, +a Y4+l Yo (6) 
=, 
E, + E, DE 
(4) and (6) combined give : 
h= 
M шамы Yoo } A 


Y,(Y* Y) t (1—2) (a Y+ Y, +- zi 


Rc la- 9 Y+; 
same ьс: 
Phase displacement angle (Е,, Ej) = о: 

E Y» 

(L— a) Y+ i—a 


A (сов w + у sin w) = MEER PETER. с (9) 
a £i +r + — 
a 


=l Y, +a Y,+(1— 2a + 2a?) Y+ Y,, | 


b 


E, — (8) 


Assuming the shading coil to cover half the poleface, that is: 
а= 1— а = 4, 
and neglecting the primary impedance: 


1 
УЛ = + ee ee 
| 0 Y, 9 
it 18: 
primary current: = (+ 4 Y), (10) 
end: 
pg, = 22 428i +4 Fo 
2 Y+y¥4+4Y,’ (t1 
E. = Y 4-4 Yo ) 
| = 


ҮҮ» ^ qo 


Phase angle: A (сов w + 7 віп w) = ҮӨР Ley, 
1 00 
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Substituting : Y+Y, 4 Yy =r" (13) 
it 16: 
| Iu Ж н у, (14) 
SEE nna 
к= Y, ry) | 
(15) 
E =¢7 57 = ег | 
| 2 T! Ty 
p Fre 
luc y? (16) 
sg Lp bee Y, 
A (cos w Tsre y ye (17 


Substituting now Y = g + у b ete., and eliminating imagin- 
ary quantities, gives: 


h = H ys (v —2,) i = 
VEEE VY] 


(19). 
Awan tine) КОДЫ 090 


hence : 


tan w = 2 P: E (21) 


Since the denominator in (21) can never = 0, w can never = 
90°. Thatis: : 
It is not possible to produce exact quadrature flux by means of 


this shading coil. 
w = 0, for: 9, 09 —g' b, = 0, or: 
gi = _g 7 = g", 22 
= ОГ " (22) 
That is : 


If the power factor of the shading coil: A equals the power 
1 


factor A of the term: Y + Y, + 4 FY the shaded flux comes. 
in phase with the unshaded flux, and the torque becomes = 0. 
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If: As 9, о > 0, that is, the torque of the motor is from 
Wy 


the direction of the unshaded portion, towards the shaded portion 
of the pole, апа the shading coil is a lagging coil. 


If: ^ ы» z, w > О, that is, the torque is from the shaded 


towards the АРЕ portion of the motor pole, and ће shading 
coil is an accelerating coil. 

Hence, with a high resistance low reactance shading coil the 
motor armature turns towards the shading coil, as shown by the 
arrow in Fig 17, with a high reactance low resistance shading 
coil it turns in the opposite direction. | 

The torque of an induction motor is the sum of the vector 
products of primary counter E. M. F.'s times secondary currents 
induced by their quadrature Е. м. r/s, thus in the present 
instance. 

= JE, I?/ + /E, 10/, (23) 
where: 

I? = current induced in the armature section covered by un- 
shaded, 

I? = current induced in the armature section covered by 
Bhaded portion of pole, reduced to primary number of turns. 

It is however: 


or,at a = #4: 

o — E Y 

баа 
пе Е, I id 

| 2 
Substituting : 

tan a = 2 (26) 

g 


where a = lag angle of induced armature currents /,’ and /,! be- 
hind their inducing к. м. r.'a A, апа А, 
since w = phase displacement between /, and A, 
the phase displacement between апа / is w +a, 
~ Ss | t E, and 7j is w — а, 
hence, substituting the real values in (23), with (25): 
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y = = | sin (o +a) + sin (o —2) | 


= Е, Е, у cos a sin o, (27) 
since, from (26): 
cos а = Ў, 
y 
it is:. 
T = Е Е g sin о. (28) 


the torque of the motor. 
Substituting (18) and (21) in (28), it is: 


T= £1, VG E ay FO FOG — ay 0 — 51 
2 (g, b — g' bi) (29) 
Vy? + уйй + 4 (0 — gi by 
e 9 (9 b! — 9 b) R 
ву уу +t yy FIG by by 
P we 


= [+ g* +0 H 5) и и + @ — by] 
= Y + wy — 2 [(g ж + 9 by —(g 5 —g vy) 
it is, substituted in (29): | 
Т = CoG. FT x 
5 


/1 2 [(g! ж + 9 &y — (g б, — 9 oy) 
y! + yyy 3 
0 
№ 1 4 4 (д, b! PS g' by ( ) 
(y^ + уу 
Thus, approximately : 
e (y, b — у! b, H 
0 e " g' (31) 
The apparent input of the motor is : 
Q =el, (32) 
Substituting (19), in (32), it is: | 
en 
uu (33) 
dn 4 y 
Thus, the apparent TU efficiency, by substituting (29) : 
T. 29 (9, b! — g 0) 


{ = (34) 


Q y! (у! ? + yi + 4 (gi b! as g' by 
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or: 
‚ — 1 | 
y JEn y 35 
М1+(«у т) " 


Neglecting the second term in the denominator of (34), it is: 


2 g (g, b! — g! 5) 
t= ———R (36 
| y (у'*-+ у) { 
As seen, the apparent torque efficiency is very small under апу 
circumstance, except when 0, < 0, that is, the shading coil is 
closed by capacity. 
As instances may be considered the following conditions: 


APPARENT ToRQUE EFFICIKNCY. 


Shading | Second- tee Resultant : ( t 
Coil : агу: поп: | y in %, = 
Y, Y y,, Hence: More g 

o 5 1.0 .084-.2 7 | 171.87 | +12.3 +11.0 11.0 

8+. 67 | ..... 1541.47 | +12.2 $11.7 14.6 

64 Ву | ...... 1341.67 | +10.3 +97 16.3 

41007 | eee .84-1.8/ | +22 + 2.0 20.0 

37 | -4+-37 LO | Greis 1.6--r.1 7 | — 1.03 —103| ..... 

8+ 67] ..... 1.441.27 | + 3.7 + 3.7 | ..... 

G+ By | ...... ratios | +40 | + 4.0 | ...... 

4107 bs .74+2.17 | + 1.16 + 1.15 | ...... 

53 | 3+t-47 ter ШР 1.5127 | — 63 — 6.3 

B+ 67 | ...... 1.347 1.87 | + 28] + 38 | ...... 

G+ 87 | ...... | 1142.07 | + 1.53 | + 1.53 | ..... 

Aptos | ...... 642.97 | + 14 | + .73 | ..... 

go 5S TOS |а t.a-+t.37 | —200 —18 9 — 18.9 

8+ 67 — trotig | — 7.6 — 7.5 — 94 

64 18) T. ...... 342.17 | — 40 — 4.0 — 6.7 

aG4eoz| ...... 342.37 | — 15 | — 1$ | — 1.5 

— 37| .4—.37 по J| aen 1.6+ .57 | +26.5 +243 Q 

8+ .5у| ..... т.4{+тлу | +22.7 -++20.2 Ў 

6+ .8/| ..... 1241.37 | +177 +15.8 o3 

— 53| .3—.47 ro | a 154+ 47 | +34.8 -+30.6 E 
8+ 67 | ..... 13410.17 | +37.2 +23.8 4 ‚ 

9 


6+ 87 | ...... 1141.27 | +20.3 +180 
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These values are recorded as curves in Fig. 18. Аз seen, they 
are extremely small, and somewhat better, although still low, by 
the use of capacity in the shading circuit. 

The torque is in some instances in the one, in others in the 
other direction, according to the relative power factors of admit- 
tances Y, and Y! 


puces ON 
LES E NIE 
LE LLL ILL LL I яя 
Fic. 18,— Single Phase Induction Motor. 


Starting Shading Coil. 


Magnetizing Admittance of Motor: Y = .cs-- 2 7. 


CURVE 
Load Admittance of Armature: }°> 10 (0) 
8+ 6&7 (2) 
6+ .87 (3) 
troy (4) 
Shading Coil Admittance Y, =.3— .4 7 
4-37 
5 
4 -3F 


3 47 


B Inductive Device. 
B. AcokLERATING Corr. 
Let, in Fig. 19, 
€ = primary impressed к. M. F., 
I, = primary current, 
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I, — current in accelerating coil, 
= = Z, = impedance of primary coil! 
ZEE * accelerating coil, 


w== Magnetic admittance per coil, primary or accelerat. coil,' 
Y = load admittance of armature;,! 


а = ratio of widths of sections of primary coil (2-1 in Fig.19), 
i; = Е. M. F. induced per coil by the one (1 — а), 
E; 29 x “ © other (a) section of prim- 


ary coil, all these values being reduced to the primary coil by the 
ratio of turns. 
It is then: 


Accelerating coil : I, 24, = Е, — E, | -— (1) 
Primary coil : &—nhnZ2E-E !— — (2) 
Section 1: E, | — 1000 ү! рз | 
Шы бы а А _ | 
$E w Бау | 1 =1, | (4) 


К у 
(2 eG a 
fer a 


99 ~ ARMATURE ^ X 
e 


+, 
4% 


Fic. 19. 


the first terms representing the magnetizing current, the second 
the armature reaction, and the third the accelerating coil. 
(3) and (4) combined gives: 


а= Е,| те arl Е} 29. Vw +(1—a) Y} (5) 


2I, = Е, | а Бау | - ni Te paar] (6) 

(5) and (6) substituted in (1) and (2), and transposed, gives 
after some transformations : 

2+2, | re +a | (0) 

Pie dep Lia a Es ey oarl hase Poe el 

ez —°*-+1—а, Y|ii?-Z[ Far |j -i2-Z[ sar |; 


124, [ Zoe +(1 —o) Yl} 


1. See footnotes 0 to З under ‘‘Shading Coil.” 
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Fa | 
l —a) Y 

rh а-о 


same denominator 


+21 
Е, = 2e 


(8) 


Assuming the accelerating coil of the same impedance as the 
primary coil: 


Z = Z5 — Z, 
and а = 4, or 60° space displacement, it is: 
E = | (9) 
E, = A 9 
2.LZ | | (10) 
anda = }: 
E = aZ ott ` m 
jJ) ee с (19) 


6--Z[9 + Y] 
Phase displacement between E; and E,: (E, E) = о: 


12 + Z(9 Ys + 4 Y) (13) 
12 + 2 Ż (9 + Y)’ 


A (cos w -|- sin w) = 


substituting for Z, Y, Уо: 


‚ып w) — 121077 2) [(4 94-9 о) (& 51-9 dy)] 
A (eos o +j sin o) = 1 P8 (2) LUF Ge) ty OFO Ow)! 
— [124-7 (49-999) - «(45 -954)] -7[1(452-95,)—2(494-994)] 
[12-1-27(9-1-999)-- 2: (51-95, ]2- 2 "o 
14) 
Substituting : 
494-99. —9, 46+ 9by — b, 
2 d io Hi = js 2 (b io by) = 6, | (14) 
it ie: 
js (0124-79 Ба) 7 (rb —29) 
А (ово jin) = eh) tI OU eG) 
((12+-7r9,+-2b, (шш! at wb,) +(7b,—7g,\(rb.—ag2) | +5 
= ГО )(194- eb) (да) АРЕ 
(124 ^94-0 Hrb), 


hence : 
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tan = (rb, —r79, 124-7942 7.7.) — (rb, —29,((12-4- rq, 475, 
(12-E 7912-5) (124-7947 75)) 4 (00, iy) rb 2g) 
— _ 1205 — 5—127(0,—9) Ба) 90). — 
144 4-127(g;4-9;) 3-124(0, +6) 4-9 924-0; (7-04) 
That is: 
RE 12rb — 5)—12»7(g192)H- Zhi Igba) ( 5) 


Since the denominator can never = 0, it is not possible to pro- 
duce exact quadrature flux: 
w = 90°, 
о = 0 
for: 
12 r (b, — b) — 12 (у, — 9) + 2° (9 —g ba) = 0, (16) 
or approximately : 
12 r (b, — 5j) — 12 2 (9, — 9) = 0, 
т b —b, 
"T^ h— 
substituting (14): | 
2. 20—90 _ 644.5 by (17) 
That is, if the displacement angle of the accelerating coil : 
tan т, = Ый 
7 
equals the displacement angle of the armature plus 4.5 times the 
magnetizing current, the torque = 0. Оп one side of this point 
the torque is in the one, on the other side in the opposite direc- 
tion. 
This condition is essentially the same as found in “ A, Shading 
Coil," thus the further discussion сап be omitted. 


C.—Moxocvcric STARTING DEVICES. 


The monocyclic starting devices consist in producing ex- 
ternally to the motor a system of polyphase е. м. F.'s with single- 
phase low of energy, and impressing it upon the motor, which is 
wound as polyphase motor. 

Such a poly phase system of x. м. F.’s with single-phase flow of 
energy has been called a monocyclic system. It essentially con- 
sists, or can be resolved into, a main or energy Е’ м. F., in phase 
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with the flow of energy, and a teaser or wattless Е. M. F., in 
quadrature with the flow of energy and thus with the main 
E. M. F. 

By combining these к.м. F.’s, compound systems of polyphase 
E. M. F.'s can be produced, as for instance a three phase triangle 
with one side as teaser, and the other two sides as resultants of 
teaser and main (Fig. 20, the direction of the main x. м. F. being 
given by the arrow), ог a three-phase triangle with one side as 
main, and the other two sides as resultants of main and teaser 
(Fig. 21), or a quarter-phase system of Е. м. F.’s with the diagonal 
as main, and the sides as resultants of main and teaser (Fig. 22): 

When derived from a monocyclic generator, the wattless feat- 
ure of the teaser voltage is secured by its internal reactions, thus 
not as complete as when the teaser voltage is derived from the 
main voltage by phase displacing devices. Thus only the latter 
case will be discussed. | 


---------+-@ую-----------3» 


Fie. 20. Fig. 21. Fic. 22. Fig. 28. 


If across the single-phase mains of x. м. F. e, two impedances of 
different inductance factors are connected, the Е. M. F.’s across 
these two impedances, E, and Е,, are displaced from each other, 
thus forming with the main Е. м. F. e on Е. м. F. triangle, (Fig. 
28.) 

The altitude of this triangle, or the Е. м. Е. Е, between the 
common connection of the two impedances and a point inside of 
the main x. м. F. e (its middle, if the impedances are equal), is 
as E. M. F. In quadrature with e, and a teaser voltage, that is, 
when current is derived from this Е. м. F., it droops. 

Such an E. м. F. triangle thus constitutes a monocyclic system, 
ог a polyphase system of E. м. F.’s with single-phase flow of 
power, and can be used for starting a suitable induction motor, 
as for instance a motor with main and teaser winding, or a motor 
with three-phase winding. 


80 STEINMETZ ON SINGLE PHASE [Feb. 23, 


Let, in Fig. 24: 
€ = Е. M. F. between single-phase lines, 
I - current in single-phase lines, 
Y = admittance of motor between single-phase lines 1 and 2, 
I! — current flowing through this admittance between 1 and 2, 
Y, E, I; = admittance, к. м. F. and current in impedance 1, 
Y, E, І, = admittance, x. м. F. and current in impedance 2, 
y, E, Io = admittance, к. м. F. and current of motor circuit 
in quadrature to the main motor circuit, or from 3 to- 
wards (1, 2), | 
E, = е +7 е, 
1 = current entering terminal 1 of motor, 
I; = current leaving terminal 2 of motor, 
I,, and Iz, = current flowing from 3 to 1 and 2 respectively. 
The directions in which these к. м. r.'s and currents are 
counted, ав shown by the arrows in Fig. 24, the к. M. к. triangle 
shown in Fig. 25. 


E,— e 
ЫЧ — ФЕ, | (1) 
I, — I, = |, (2) 

І, = Y E, 
Lone, | ©) 
I, = Y, E, (4) 

Substituting (3) and (4) in (2): 

Y, E = F: E, = Y, Ey, (5) 


From (1) we get: 


pé E,, 
EP 
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Substituting (6) in r and transposing: 
Ү,— Р, l 
E EU Die 
. =. lOi 2 
Substituting (7) in (6): 


E — © 2 Y] Y, 
|—2 Y, N+ Р, (9) 
E t 2 Yi 4 Y, 
t$ Y,-- Yid Ӯ, 
Substituting (7) and (8) in (3) and (4): 
3 Y, T Ү, + Yo (9) 
ps FX Y +Y) 
o 2Yo- XY 
_ е ¥o(¥;— Y) | 10 
VAT ATA е 
It is, from diagram: 
Lom Ё, (11) 
I! = I! – | 
| (11) 
It = I + ^ 
ї=!'+1Ь=2-+1. (18) 
Substituting in these equations (12, 13) the equations (9, 10, 11 
g q q 
gives : 
Ya (Yı — Yə) | 
е Ma ae : 
It = {}4 „ш Yee; (14) 
u= ffe y+ | 
1 р «огеш; а 
pet | 4 Y а A C аъ») 15 
ip eme oy Ee us 
The total volt-ampere input of motor and starting device is: 
Q = e /, 
al 4 Y, Yd Y Yo+ E d 
zc ч) = ыы Жы ЖЕШИН Жл cu cet 16 
п ер оер и е 


that of the motor alone: 


Ф = е1 + Е, 1, (17) 
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In a polyphase motor, the volt-ampere input of the two quad- 
rature fluxes is equal, thus in the motor M on polyphase circuit it 
18: 

Qu = %еГ – 8 ёу. (18) 

Thus the ratio of apparent inputs: 

= 9 aty/ КУУУ УЙ Cee 

“ae semen = 

The ratio b torque of this motor M with monocyclic starting 
device to the torque of the same motor on polyphase circuits is 
obviously the ratio of the quadrature flux produced by the teaser 
voltage 4, to the quadrature flux in the polyphase motor, that is 
the main flux produced by e. 

Hence, if 4 = ratio of number of effective turns of the cross 
circuit Y, to the main circuit Y, a polyphase flux would require 
in this cross circuit the impressed Е. м. к. g е, and thus, if e; = 
imaginary or quadrature component of the cross x. м. в. Е, = 
- & +7 €, the ratio of torque by monocyclic starting device, 7, 
to polyphase torque To is: 

T е," 
Tage (20) 

Hence the relative apparent torque efficiency, or ratio of ap- 
parent torque efficiencies : Q | 

` 0 
t = T, 1 Q` (21) 

If the motor M is wound with main circuit and teaser circuit 
- of one quarter as many turns of the same size as those of the main 
circuit, g = 1, 
if it is wound with two equal circuits, as quarter. phase motor, it 
. 18: g = 1 or:¢ 4, 
af it is wound as three-phase motor, it is: 0 = 4 +3 = .860. 
‘These three are the most important arrangements. 


3-35-64 


Fia. 26. Кто. 27. Fic. 28. Кто. 29. Fig. 30. 
Fic. 26. Monocyclic Motor : g=}. Y,=4 fF, 
Еа. 27. Quarter-phase Моор g=1. Ys 4 
Ето. 28. M 0 = 4. Ү, = 4 Ү, 


Fias. 26 to 30. Three-phase Motor : =} y3. Y, = 4/8 Y. 
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Substituting these values in equations (7) (10) (15), it is: 
1. Monocyclic Motor: q = .25, Y,=4 Y. 
E = e Y,— Y, 
"US X a yee 


b= 9е-у C y (22) 
ED ЕЛ Ера F Еа 
регар AS or i 
2. Quarter-phase Motor, connected for g = 1, У, = Y: 
Е, = £f Y,— Y, 
Y, Xp Y’ 
iix w 
poet +5 YY +5 Y Y, 4 Y. Y, 
4 Yd nc 


3. Quarter-phase Motor, connected for 4 = .5, Уу: 4 Y: 


E e Y,— Y, 
УУ ФФУ 


Ү(Ү,—Ү)) 


Mo epg p (24) 
Tae I t2 F-r2r M+ YM, 
+ Ў + 4 У 
4. Three-phase Motor: д =$ y3, Р, = 4/3 Y. 
pons. sa ш „иш 
° 2 Y+ Y +43 Y 2 381,1 I;q44 P’ 
‚т ene? О) УО, 
i 2 Y a yas A 3JA-ES РУ 
(25) 


=£). 4 Y, Y;-- 4/3 Y Y, 1- 4/3 Y Yi _ 
dimmi хс са 
,£¥7+4Y¥,44Y Y, 3 У, У, 
De AE we oe oe ae | 
The most important combinations of impedances are: 
Resistance — induotance, as the simplest device. 
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Capacity — inductance, as giving the highest cross E. м. ғ. E, 
and thus best starting torque and torque efficiencies, and 

Combinations of both, as: 

Non induetive resistance — reactive coil, 

Electrolytic condenser — reactive coil, ete. 

The three-phase motor with monocyclic starting device, con- 
sisting of resistance — inductance, is the only type of single- 
phase induction motor which has found an extensive" commercial 
application, in sizes from f н. p. to 100 H. P., and thus will be 
more fully discussed. 


(а). Resistance — Inductanee. 

Let, in a three.phase A connected motor, Y'= g'+76' = ad- 
mittance per motor circuit. (In a 2° connected motor with admit. 
tance Y'!! per circuit, the A admittance, or admittance reduced 
to A connection, would be: Y! =} Y!!) 

Let Y =r, Р, = 43а. 

Introducing the substitution : 

Үз=аА4=а(у+)3, =, 
where 9 is the ratio of the absolute admittance per motor circuit 
to that of the resistance or inductance of the starting device. 

In the three-phase motor with A admittance У! it is: 

Y = 1.5 Y'=1.5-a A = admittance between single-phase 


mains, 
Ү,= 2 У! = 2 а А = admittance of eross,circuit,"and 
а = $ V3 = ratio of effective turns of teaser or cross circuit 


to main circuit. 
Substituting these values in the preceding equations, it is: 


E te. beg 
91434913 

3 4 

E NV Eu 
кетр ТШЕ ш? 
К, = е зт, , 


D cg. 
І +5 Е 24 
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Г = 1.5еа4, 
аини, 
1+7 +24 


= 2+7 +84 
І = еа Sg ete ge чн 
| 4&т+ў+# л 
Iseal CLA A eA +3 4° 
1+7+?4 
avg Ii, 1, = Lth _ ea2j+A 0+0) 
{ 2 2 i+j7+2y4 


(Juadrature component of E, : 


SEA T " 
MISERE 

Itelative torque : 

ТА n 1+7+?°4 

where TA = three-phase eae 

In the following Table II. are caleulated the relative torque, 

TABLE 1I. 
RESISTANCE — INDUCTANCE. 


Z1. Y = .01 + dii e = 110. 


| я ! 
E TA: ТА ЛРЕА ГРА. ATE A: 2 MEE S NN 
ANE PA ЭРҮҮ үс! _ э a= 5: а=1: a=2: a=4: 
| o | 8.80 | 176 .315 .9,8 1.153 | т бо | -505-- t. S15 Jl 94 16.4 258 52.3 
15 | 18.15 | 160 .490 .B70 2349 1.46 | .71§+1.27 7; 106 17.8 270 52.6 
| .5 24.75 | 124 .740 .буо .615 1.13 | B36-+ .7577| 13 t 21.2 306 535 
ү 1.0 ф 21.90| 85 .870 405 .785 773 .6;0 t .38 /|.... 25.6 
ү! | 36.90 | 64 .890 455. ‚815 „580, 516+ R 22.7 303 390 546 | 
T 
(SSS SSS SS SSS ee SS See 
R а=.5:. =з az% azi a=.5: a=1: a=?: a=4 
o Oy9 172 272 548 87 1.51 2.40 4 оз 
15 111 188 283 551 2.02 3 41 5.15 10.00 
5 134 223 344 561 3.40 5.72 7 95 13.90 
1.0 273 6.05 


86 STEINMETZ ON SINGLE PHASE (Feb. 28, 


1 1 
a T So "~ 
R: a—.9: aži; a22; а-=4: а=.5: a=1: a=2: ax: 
o 10042657 12142837 1704-3237 3144-4457 283 308 365 545 
35 13542257 156+244 7 2034-3877 34344157 262 290 352 538 
5 1544-1427. 1754-1637 2234-2117 3534-3437 210 240 307 492 
1.0 1493-105 7 182 
3.5 1031637 1264887 17641407 2984-3687 121 154 229 401 
p Up 
~ — | — “~ — — 
R: а--.5: а=1. a=2: а=4: a=.5: a=1: a=2; а=4: 
o $37 538 бда 1.03 184 293 394 532 
15 545 боб 732 1.12 203 310 386 493 
5 565 646 827 3.32 343 345 390 425 
т.о 713 390 
1.5 930 803 1.17 2.09 344 397 350 273 


in fraction of the polyphase motor torque f, 

Torque, in synchronous x. w., 7, 

Total current input, 7, inelusive starting device, 
for the motor: 

Z = Л — 8), Ү=.01-+.1), e= 110; 
for the additional armature resistances : 
= 0, 45 .5 1.0, 1.5, 
and the constants of the starting device: 
а = .5, 15 2. 4. 

Since a single-phase motor is generally operated at 30 per cent. 
higher density than the same motor as polyphase motor, and is 
rated, at this higher density, at 3 the output of the polyphase 
motor, in Table III. the Corresponde values are given, and 
plotted in Figs. 31,32 and 33 for this motor as three-phase motor, 
and as single-phase motor at 30 per cent. higher magnetic density, 
that is rewound with ү. times as many turns of 1.3 times the 
cross section, or of eonstants: 

Z = 039 — 1777, Y = .0169 + 1697, e= 110. 

R = 0,  .2535, 845, 1.69, 2.535. 
a = .845, 1.69, 3.38, 6.16. 
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TABLE ПІ. 
PF ATE TE 
perc ——Hn AG == A—— == A 


р.|4=5: а=1: a=2: а=4: A :ja=.5: а=1: a=2: a=4: A :|a=.5: а=1: az2: 324: A: 
о | 35.2 393 46.5 58.0 33.5] 2.8 4.5 бо 815 15.3] 79 11.4 12.9 141 51.5 
35] 51.5 54.0 57.6 62.0 49.0] 69 106 131 168 34.0] 134 19.6 22.8 27.0 69.5 
-§ | 73-5 735 72.7 72.0 74.0]15.0 21.2 240 26.2 61.5 | 20.4 28.8 330 364 83.0 


1.0 82.0 87.0 30.6 73.5 37.3 90.4 
1.5 | 85.0 82.0 783 74.5 89.0 [28.0 324 28 5 22.3 15.8 | 330 39 6 36.4 29.9 91.6 


a 


T C 


AR: |az 5: а=1: a=’: а=4: А: |а=.5: a=l: а=%: a=z& A: 


o 1.47 2.5$ 4.05 8.14 8.80 478 $20 617 930 528 
5 3 40 5-75 8.7 16.9 1815 441 400 593 gto 480 
.5 574 9.33 13.4 23.5 24.75 355 405 518 830 372 
1.0 102 21.90 307 255 
1.5 6.20 g.t 117 164 16.90 204 260 380 676 192 
The three-phase moror The single-phase motor 
is rated at: is rated at: 
Ontput, full load оао oboe ERE Y ees eee eee 15 45 K. W. 10.8 K W. 
Full load current, їоїа|.................... .... 184 amps. 142 amps. 
No load current, то{а]....................5++.5..... 32 cvm er “ 
Maximum о(ршї{............ e p ERG I Ert Ey ae 21.0 K W. 15.4 K. W.. 
Full load тоға Пе аьаа оа крда ка Ft A Ria 16.5 “ rrr ** 
Maximum torque... «catia oka cede rie net сыне 24.75 " 16.7 " 
Maximum torque with starting device .............. a=.s: 6.4 " 
| I: 10.3 "' 
2: 13.8 "* 
3: 205. = 
Current with starting device, at full load torque...... @=1.2: 305 amps 


From Figs. 10, 11 and 12 of my previous paper on the poly- 
phase induction motor are taken the values of the first columns 
of Table II : 

Ta = three-phase torque, or three tines torque per circuit, as 
given in Fig. 2 of previous paper, 

Ja = three-phase current per circuit, absolute, from pre- 
vious paper, | 

Р Е, = three-phase power factor, from previous paper, 

1 F, = three-phase induction factor, calculated from power 

factor, = V1 — P Fẹ, 
AT E, = three-phase apparent torque efficiency, from previous 
paper. 
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Therefore : 


y' = absolute admittance per three-phase A circuit = a 


Y'= vector admittance per three phase A circuit 


сао. 
кеш 
_ ABNCS NNNM 


= 2 A4 .6 B 10 12 14 16 
Fic. 3l.—Single Phase Induction 


Monocyclie Starting Device. 
ва sistance — ru 


Three. Phase оо 
)y -.o1-4-.17. Z-2.1—.37. 110 Volts. 


ej! = cross E. M. F. 
але 1-4) 7 

LE j 34 
Ft la 


= y (P Fa +j 1 Fa), 


p 
70 


TORQUE EFFICIENCY | 


Fie. 38.—Single Phase Induction 
otor. 
Monocyclic Starting Device. 
Resis се; cc 


=/а 
Three Pines Motor. 


К=.о +17. Zzc.1—.37. to Volts. 


—— EE Ў ] ———ÁÀáÀ ————— —— 1а 
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Tes 
1 —ea4 ыз 
8" ттў+?л 
1 = [1 /, | 
р = zy — ralio of single-phase and of three-phase current, 
{ 


— = ratio of single-phase and of three-phase apparent 


torque efficiency. 

Herefrom, in Table III, for this motor as three-phase motor, and 
as single-phase motor at 30% higher magnetic density, and e = 
110: 

Р. F., = power factor, from 7, for a = .5, 1, 2, 4, or rather: 
а = .S45, 1.69, 3.38and 6.76, and for three-phase, д: 


ATERS А.Т. Е fora = .5, 1, 2,4, or rather: а 
p 


A, 
= .545, 1.69, 3.38 and 6.76, and for three-phase, д: 
T. B. = for а = .5, 1, 2, 4, or rather: a= .845, 


1.69, 3.38 and 6 76, and for three-phase, A: 

Total current, /, for а = .5, 1, 2, 4, or rather: a = .845, 1.69, 
3.38 and 6.76, and for three-phase, A: = 3 Л. 

Torque T, Power input P, Volt-ampere input Q. 

These values are plotted in Figs. 31, 32 and 33 with the ex- 
ternal secondary resistance /? as abscissee The resistance X re- 
fers to the three-phase motor, and thus in the single-phase motor 


18 Tee as high, due to the higher density. 
о” 


As seen from these tables and diagrams, the torque and cur- 
rent curves, as function of the secondary resistance, have with 
the monocyclic starting device 6 ej resistance—inductance the 
same general shape as with the polyphase motor. 

Choosing in the single-phase motor a 30% higher density, the 
maximum available starting torque is about the same as with the 
three-phase motor (thus, when rating the single-phase motor at 
about 2 the capacity of the same motor as polyphase motor, a 
larger percentage of full lead torque than on polyphase circuit.) 
This starting torque however requires a very much larger current 
than with the polyphase motor, from two to three times as much 
at a = 4. 
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The single phase motor can start with about the same current 
as the polyphase motor, but gives in this case only about one 
third the torque, ata = .5. 

In the diagrain (Fig. 31) are marked, also the current consumed 
in the monocyclic starting device (at 45° lag) with the motor 
disconnected therefrom, and the full load currents of the motor 


| '  ' TORQUE | 

Ez a cui НЫШ 7 A -440.000 
= EO Ez: 
77 n 


NN И 
NN CROSS E:M.F 


£ 


STARTING DEVICE АТ OPEN CIRCUIT | a 

сае 
== axi 50 Ә 
> 


| 
ве ое и 
Ш 0 
20 


| 

MS MM 

NN POWER FACTOR | 14 
PERSEE A 


ЖИ NOLO | an 


| at 1 
v? u -— 3 80 
a wo 
ul 
1 [• «4 
cig 70 ш 
| X 
ч. 
: 60 
a 1 
_ ~ м) 
l ч 
17144 ; ~ 140 


c --— ++ —4-_1 MW 
R-0 2 4 #6 8% 10 1? 14 16 


1.0 12 14 16 
Fie. 83.—Single Phase Induction Fic. 84.—Single Phase Induction 
Motor. Motor. 
Starting Device. Monoeyclie Starting Device. 
Ronen — Inductance Condensance — Inductance 
=a. Vy = /а. } = уа. )| 2 —7a. 
see Phase Motor. Three Phase Motors 
Y=. oait aj. Z=1—37. tmo Volts, У=.о0 4+ аи). 2= 1—37. 110 Volts. 


without starting device, the motors being rated at $ their maxi- 
mum torque as full load torque. 


b.—Capaciry.—INDUCTANCE. 


Let, in a three-pliase motor, Р! = g! + j 6' = admittance per 
motor circuit, reduced to A connection. 
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Let: 


Substituting : 
Ү=а4 = «(у 3 0), 9 =r + E, it is, in the three- 
phase motor : 
Y=15Y'=15ay,, 
l9 195-9445 


0 = % v3. 
Hence, substituting these values in the general equation, it is: 
=] 
Ei 
Ey = 5 4 2 
кы б Шав) 
2 4 
IL = eal+jA 
1 9 A , 
1, = lJA, 
2 9 A 
1, = jea, 
Г, 
ае деу 
6 HE ~ oF 
{1 = 15ea 4› 


I} == A (3 4 ==); 


М = SBA +0) 


[ 
® 
m 
pá 
- 
Фә 
a 


1 


Relative torque: 


92 
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Relative current or volt-ampere input : 


фа es 


CROSS E.M.F. 


Induction 


Fic, 35.—Singzle Phase 
Motor. 


Monocvcelie Starting Device. 
Condensance — Inductance 


1125723. )4— -/а. 
Three Phase Motor 
'=.о-+ луу Z25.1—.37. 110 Volts, Y = .o1 


In Table IV. 
36, the values of: 

Relative Torque: t£. 

Vector Current: J. 


Fic. 36.—Single Phase 


| 


Induction 
Motor. 
Starting Device. 
Condensance — luductance 


Кү=уа )y4 = —7a. 


т һгес Phase Motor 


tay Z-.—37. 110 Volts. 


are calculated, and plotted on Figs. 34, 35 and 
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VOLTS 
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Relative Current: р. 
Relative apparent torque efficiency: 2 
Power Factor. 


Apparent torque efficiency. 


TABLE ТУ. 


CAPACITY — INDUCTANCE. 


Z21—.8j. Y= 01+ 4j. e = 110. 
| t Г 
m Tem == MEG SS EE 
R a-.b a=! a-2. a=: a=1: а=9 
о .057 125 228 1114242 7 9442177 1264-1207 
15 .097 194 ‚388 1234-2057 1374-1717 1924 767 
5 .189 ‚378 760 147-1177. 1244-927. 282—6.6/ 
1.0 +330 -660 1.315 1264 54/7 1734+ 277 36a— 777 
1.5 .441 882 1.760 106-- 337 1694+ 67 423—128 / 
р t/p 
m n = — = 
R a=.5 a=1 a=? а=.5 а=1 a=2 
о .500 445 33 113 .282 .690 
15 .500 .457 435 -194 425 -893 
5 .506 530 76 ‚365 ‚716 1.00 
1.0 .538 .688 1.45 ‚614 ‚962 gto 
1.5 ET .88o 2.31 ‚762 1.00 .265 
PF | ATE TE 
pe “ajae = — 


— EN 


R.a-c.5: a=1: а=: 4 :a—.5: а=1: 


о | 41.8 40.0 72.4 31.5 1.72 4.3 10.4 15.3 
15| 51.4 62.5 92.3 49.0 66 14.4 30.3 34.0 
5 | 78.0 88.4 100 74.0 | 22.4 44.0 61.5 61.5 
10] 92.0 98.6 97.8 87.0 | 48.2 75-5 71.4 78.5 
1.5 | 95.5 100 98-7 89.0 | 62.0 81.5 62.3 81.5 


4.1 10.5 
12.8 23.1 
28.7 49.8 
52.5 76.7 
65.0 62 


a=2: A :|а=.5:0=1: а=: л: 


14.5 61.5 
32.8 69.5 
61.5 83.0 
730 90.4 
65.3 91.6 
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Т' 1 
p prin | = = Aaea 

at 3c per cent. higher density: at зо per cent. higher density: 

— — A eee — 
| R: a=.§: az a=2: A: a=.5: а=1: а=9: А: 
o .85 1.9 3.4 8.8 450 397 293 528 
19 зо 5.6 11.9 18 15 | 403 370 353 480 
7.8 15 8 31.8 24-75 317 333 476 372 
1.0 12.1 24.3 48.6 21.90 232 296 625 ` 255 
| 1.5 12 6 26.2 0.2 16.90 188. 285 745 193 


Torque efficiency of the three-phase motor : 
Z = 1—83, Y = .01 + 1, e = 110, 
with single-phase, capacity-inductance monocyclic starting devise 
of admittance: a = .5, а = 1, a = 2, and the values of torque. 

Total current input of the motor as three-phase motor, and as 
single-phase motor at 30 per cent. higher density (that is, of the 
constants ; 

Z == 059 — 1777, Y = .0169 + .1697, e = 110, 
a= .845, 1.69, 3.38. 

As seen herefrom, by means of condensance-inductance as 
monocyclic starting device, the motor can be started with a torque 
far in excess to its maximum torque as three-phase motor; its 
power factor is higher than on three-phase circuit, its torque 
efficiency lower, and its apparent torque efficiency about equal to 
that of the three-phase motor. 

While, however, with the resistance-indnctance starting device, 
the general shape of the curves, as the change of torque, current, 
etc., with the secondary resistance of the motor, is of. the same 
character as with the three-phase, showing a gradual approach 
from the single-phase shape towards that of the three-phase 
motor, with increasing a, it is in the capacity-inductance device 
essentially different, the more, the larger the capacity admittance 
ais. For instance, with а = 2, the current is a minimum with 
short-circuited secondary, and rises very greatly with increasing 
secondary resistance—just the reverse of the three-phase motor. 
In general, by the use of capacity, the high range of the curves 
is short, that is, the curves are steeper. 

A more complete discussion of the effect of capacity must, 
however be reserved for a separate paper. 
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е). Polarization-Inductance.—As further instance of the 
monocyclic starting device of single-phase motors are shown in 
Fig. 57, the curves of the three-phase motor, 

Z = 1 — .83, Y = .01 + 17, e = 110, 
or, a8 single-phase motor rewound for 1.30 times the magnetic 
density, as: 
2 = .059 — .1777, Y = .0169 + .1697, е = 110, 
with an inductance of .10 power factor and an electrolytic con- 
denser, or series of polarization cells (which, as known, act like a 


TORQUE 8YNCHRONOUS 
WATTS 


DIETE 
Si 


24,000 
T 22,000 
E ш 20,000 
354 D 18,000 
HSH М) © 16,000 
м ш 
БЕ э Ё мою 
EX " 3 1200 
50 500 10,000 
IO 40 8,000 
30 8300 6,000 
= 20 200 14,000 
- | 10 100 2,000 
Reo (.6 810131416 ° ° 0 Ета. 88.—Single Phase Induction 
; Motor. Starting. 
Fro. 87.—Single Phase Induction Condenser of — .375 J Admittance in Shunt 
otor. . of Second. Self Induct of + af Admittance 
Monocyclic Starting Device. in Shunt of Third Кае бо Adjustcd 
пе condenses and Inductance. for тоо per cent. {Жы Total 
Y, = a 1.52 J. 1.18 — 1.18 7. Admittance per A T Circuit: = m T .25 /. 
hree Phase Mote Thiee-Phase Motor 
Y 2 о ф.1 7. Z= л — .3/. Y=.o+ 17. Z= 4 — .37. 


leaky condenser, ог condenser of high power factor) of .т07 power 
factor (45° lead), corresponding to a = 1 in the previous in- 
stances. 

It is thus: 


Y, = .1 4.97, Y, = TOT — TOT), 
or, reduced to the motor of 30 per cent. higher density. 
Y, = .17 + 1523, Y, = 1.18 — 1.187. 
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As seen, the curves show the saine characteristics as the three- 
phase, and the resistance-inductance curves, being intermediate 
between them. 

That is, torque, torque efficiencies, ete. are higher than with 
the resistance-inductance device, but lower than on three-phase 
circuit, except the power factor, which is higher. 

These curves do not show any of the peculiarities of the con- 
densance-inductance curves. That is, due to the high power fac- 
tor of the eleetrolytic condenser, all resonance phenomena have 
disappeared. 

In the preceding instances the absolute values of admittances 
Y, and Y, have been assumed as equal. 

To investigate the effect of a change of one of these values, in 
Fig. 38 are plotted for: 

Y, — +7 а, 

Y, = — .375 49, 
that is, constant condensance, and varied inductance, with the in- 
ductive reactance а as abscisere, and the total admittance per 4 
circuit of the motor, of У! = .49 + .25 , the values: 

Starting current, in per cent. of full load current ; 

Starting torque, in per cent. of full load torque; 

Apparent torque efficiency, in per cent., and 

Apparent torque efficiency, in per cent. of that of the three- 
pliase motor or relative apparent torque efficiency. 

The admittance of the motor, Y' = .49 + .25J, corresponds 
to $ load. 

The condensance, Y, = — .375 a, is such as would make the 
power factor at 2 load 100 per cent., when connected across the 
main circuit. 

As seen, the changes with varying @ are comparatively small 
over a wide range. 

The starting torque is a maximum at: а = .65. 

The apparent torque efficiency is a maximum at: a = .55. 

T he relative apparent torque efficiency is a maximum at: а == .5. 

The starting current increases 

from 1.08 times three-phase current, ata = O, 
to 1.32 times three-phase current, at а — 1.5. 


89. ACCELERATION WITH STARTING DEVICE. 


The torque of the single-phase induction motor (without start- 
ing device) is proportional to the product of main flux or magnetic. 
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flux produced by the primary impressed Е. м. ғ. and the speed. 
Thus it is the same as in the polyphase motor at or very near 
synchronism, but falls off with decreasing speed and becomes zero 
at standstill. 

To produce a starting torque, a device has to be used to impress 
an auxiliary magnetic flux upon the motor, in quadrature with 
the main flux in time and in space, and the starting torque is pro- 
portional to this auxiliary or quadrature flux. During accelera- 
tion or at intermediate speeds, the torque of the motor is the resul- 
tant of the main torque or torque produced by the primary 
main flux, and the auxiliary quadrature or starting flux. In gen- 
eral this resultant torque is not the sum of main and auxiliary 
torque, but less, due to the interaction between the motor and the 
starting device. 

All the starting devices depend more or less upon the total 
admittance of the motor and its power factor. With increasing 
speed, however, the total admittance of the motor decreases and 
its power factor increases, and an auxiliary torque device suited 
for the admittance of the motor at standstill will not be suited 
any more for the changed admittance at speed. 

The currents induced in the secondary by the main or primary 
magnetic flux are carried by the rotation of the motor more or 
less in quadrature position and thus produce the quadrature flux, 
giving the main torque as discussed in the first paragraph. 

This quadrature component of the main flux induces an E. м. F. 
in the auxiliary circuit of the starting device and thus changes 
the distribution of currents and E. M. r.'s. in the starting device. 
The circuits of the starting device then contain besides the motor 
admittance and external admittance an active counter E. M. F., 
changing with the speed. Inversely the currents produced by 
the counter к. M. F. of the motor in the auxiliary circuits react 
upon the counter к. M. F., that is upon the quadrature component 
of main flux and change it. 

Thus during acceleration we have to consider: 

Ist. The effect of the change of total motor admittance, and 
its power factor, upon the starting device. 

9nd. The effect of the counter к.м. r. of the motor upon the 
starting device, and the effect of the starting device upon the 
counter к. м. F. of the motor. 

let. The total motor admittance and its power factor change 
very much during acceleration in motors with short-circuited low 
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resistance secondary. In such motors the admittance at rest is 
very large and its power factor low, and with increasing speed the 
admittance decreases and its power factor increases greatly. In 
motors with short-circuited high resistance secondary, the admit- 
tance also decreases greatly during acceleration, but its power 
factor chanyes less, being already high at standstill. Thus the 
starting device will be affected less. Such motora, however, are 
inetlicient at speed. In motors with variable secondary resistance 
the admittance and its power factor are maintained constant dur- 
ing acceleration by decreasing the resistance of the secondary cir- 
euit in correspondence with the increasing counter к. Į. F. Hence 
in such motors the starting device is not thrown out of adjust- 
ment by the changing admittance during acceleration, and they 
are thus preferable. 

The investigation of the phenomena taking place during accel- 
eration can be carried out in a similar mannerasthe investigation 
of the starting in paragraph 2, by considering, however, in the 
circuits besides their respective admittance or impedance the 
counter E. M. F.'8 of the motor, or E. м. F.’s induced by the quad- 
rature component of main flux. It would extend the paper too 
far, however, and thus must be postponed for а later occasion, 
-and only some general conclusions drawn. 

While any desired torque can be produced by the use of resis- 
tance and inductance and mutual induction as starting devices, tlie 
torque is necessarily far below that which сап be produced in а 
polyphase motor with the same expenditure of volt-amperes or of 
watts, that is the apparent torque efficiency and the torque eft- 
ciency are lower. A much better starting torque efficiency, and 
apparent torque ethviency, under circumstances almost as good or 
better as in a polyphase motor, can be produced by the use of 
capacity. Capacity, however, is generally only suitable for a 
«aine wave of к. м. к. and most generators do not give a sine wave, 
and in general the use of a wave differing from sine shape is 
preferable for other reasons, while for the motors proper, the 
“wave shape is immaterial. Furthermore, looking over the curves 
of starting torque and apparent torque efficiency given in para- 
graph 2, the general feature is noticeable that capacity gives very 
-high values for a very limited range only, but low values outside 
thereof. Thus, when securing high starting torque by means of 
capacity, with the change of admittance during acceleration, the 
соп, пв become unfavorable much faster than by the use of 
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resistance, inductance and mutual induction. Hence, while good 
starting torque can be produced by capacity, in general this 
torque is not maintained during acceleration up to the speed 
where the main torque of the motor is suflicient for further 
acceleration, and thus such a motor will start, but not run up to 
speed. 

A. PHASE SPLITTING DEVICES. 

In these the starting torque depends upon tlie relative propor- 
tion of the internal or motor admittance and the external adinit- 
tance of the starting device, and is thus essentially affected by the 
change of admittance during acceleration in a motor with short- 
circuited low resistance secondary. 

Thus, for instance, in Fig. 12, in a motor with impedance Z= 
r—}) 2—1—3j of each of the two primary coils at standstill, and 
inductive reactance —7 a in circuit of one of them, the apparent 
torque efficiency is very low and fairly constant, about 10 per 
cent. of that of a polyphase motor, for a wide range of reactance. 
During acceleration r increases, 2 decreases and the relative ap- 
parent torque efficiency approaches that of the motor Z—3—1 Jj, 
that is inereases considerably. If, however, & great starting 
torque was produced by capacity as shown on the left sideof Fig. 
12, the relative apparent torque efficiency decreases during accel- 
eration by passing from curve Z=1—3 у towards curve Z=3—1). 

The right hand side of Fig. 12 represents also the effect of 
resistance as a starting device, but with the two curves exchanged, 
the higher one representing Z=1—3 /, the lower one Z--3—1 j. 
Thus by using resistance @ in one of the motor circuits, a good 
starting torque, of nearly 50 per cent. of that of the polyphase 
motor of same volt-ampere input, is produced in a motor with low 
resistance secondary, but during acceleration it falls off due to the 
increase of power factor of the motor impedance, and the motor, 
while starting under good torque, will probably not be able to run 
up to speed, even under fairly light load. 

Still more instructive is Fig. 13, two reactances, of which at 
least one is a capacity reactance. 

As long as one of the reactances —7 6 is inductive, the two 
curves; Z—1—3 7 representing a motor with low resistance 
armature,and Z=3—l j representing a motor with high resistance 
armature, and thus approximately the conditions of a motor with 
low resistance armature at speed, give fairly the same results, 
using, however, two capacity reactances, an enormous apparent 
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torque efficiency can be produced in starting, more than three 
times that of the polyphase motor, for b= —2. Ви with in- 
creasing power factor of impedance, that is during acceleration, 


this torque decreases to zero and then reverses, and Z—3--1 7. 


gives—61% of the polyphase apparent torque ethciency. Thus 
with this device, a low resistance motor will start with very 
powerful torque, but with increasing speed the torque produced 
by the starting device falls to zero and then reverses, and if the 
main torque of the motor is not very large at fairly low speeds, 
the motor will not run up to speed even at light load. lence 
this device of two capacities in the two motor circuits is unsuit- 
able for low resistance motors, although it gives a very powerful 
starting torque. | 


В. INDUCTIVE DEVICES. 


The inductive devices depend still more than the phase split- 
ting devices upon the power factor of the motor admittance. As 
seen in paragraph 2, even the direction of the torque given by 
the starting device depends upon the power factor of the motor 
impedance. 

For instance, the shading coil or the accelerating coil acts as 
retarding coil if its power factor is higher than a certain value 
depending upon that of the motor, etg., and as accelerating coil if 
its power factor is lower than this value. Hence with a very low 
reactance shading coil and a high reactance motor secondary, a 
fairly good torque is secured in starting, but this torque rapidly 
disappears and then reverses during acceleration, and this device 
can thus be used only with motors giving a main torque curve, 
however, requires fairly high armature resistance and tlius gives 
low torque for the starting device. Hence, the shading coil is 
suitable only for very small motors starting under light load. 
The accelerating coil requires a high resistance secondary and 
when used with а motor with variable armature resistance, the 
motor сап be made to start in one direction with the resistance in, 
but in the opposite direction by cutting out the resistance. In 
the latter case the motor obviously does not run up to speed, due 
to the reversal of the torque, except if after starting, the accelera- 
ting coil is cut out and the resistance cut in again. Torqne curves 
of such a starting device will be shown in the following: 

The monocyclic starting device, especially with resistance in- 
ductance, is scarcely at all affected by a change of the power fac- 
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tor of the admittance, and is improved by the decrease of 
admittance during acceleration, since a decrease of the motor 
admittance is equivalent to an increase of the admittance 4, that 
is an increase of the teaser к. м. r. Thus it is the most satisfac- 
tory starting device, and is more fully discussed in the following. 

2nd.—Effect of the counter к. м. r. of the motor upon the 
starting device and inversely. 

In the phase splitting device, where a definite phase displace- 
ment is produced in circuits of different impedances, the induc- 
tion of the counter к. м. F. in these circuits necessarily throws 
these circuits more or less out of phase. The same applies to 
external inductive devices. . 

Where several circuits are in multiple between the same 
primary mains, but displaced in position on the motor primary, 
the counter Е. м. F’s induced by the main flux of the motor in 
these circuits are displaced in phase from each other, and thus 
form more or less a short circuit, through the parallel coils, and 
thereby produce a current which reduces the counter Е. м. F., and 
thus the main torque of the motor. 

Still more is this the case with the internal inductive devices. 
The shading coil as well as the accelerating coil form a dead 
short circuit for the component of main flux in their direction, 
and thus practically annihilate this flux by the demagnetizing 
effect of the induced current. "The result is a great decrease or 
even reversal of torque, and a falling off of output. For instance, 
in a single pliase motor giviug a maximum torque at 96 per cent. 
of synehronism of 217 Ibs. at 1 ft. radius, with 93 amperes input 
at 220 volts, the maximum torque is reduced to 132 lbs. at 89 
per cent. of synchronism, while the current is increased to 320 
amperes, that is, the apparent torque efficiency has fallen off to 
17.7 per cent. of its previous value, due to the short circuit 
caused by the inductive starting device of the accelerating coil. 
A number of torque curves of а motor with accelerating coil are 
shown in Fig 39 with different values of resistance in the secon- 
dary. This motor is the 1-8-30-900-110 of which the three-phase 
curves are shown in Fig. 1 and 2 of my previous paper on the 
polyphase induction motor, the single-phase curves in Fig. 9 and 
10 and the curves with monocyclic starting device in Fig. 42 of 
this paper. The motor has a three-phase winding, of which one 
coil is excited as primary coil, one short-circuited and one open, 
thus the accelerating soil is displaced 60° from the main coil. 
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As seen, with short-circuited secondary, the starting torque is 
negative, 4 pounds and remains so up to a speed where the main 
torque of the motor overpowers the reverse torque of the starting 
device, or the latter disappears, due to-the increase of the power 
factor of the motor, at 30 per cent. of synchronism. With med- 
ium resistance in the secondary the torque is 24 lbs. in starting, 
increases due to the increase of power factor of the motor as dis- 
cussed before, reaches a maximum of 40 lbs., but then decreases 
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again and reverses at 80 per cent. of synchronism, due to the 
short circuit. It becomes — 49 Ibs. at synchronism. With higlr 
resistance in the secondary, the torque is a maximum of 14 Ibs. at 
1 ft. radius in starting, and then decreases due to the short-circuit, 
becomes zero at 48 per cent. of synchronism, and gives at syn- 
chronism —61 Ibs. reverse torque. 
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These curves show best the interaction of the three effects; the: 
main torque of the motor, zero at standstill and increasing witli: 
speed, the torque of the starting device, increasing in positive, or 
decreasing in negative direction, due to the change of power factor 
of the motor admittance, and the retarding effect of the short- 
circuit of main flux by the accelerating coil. The current in 
either of the curves is very large, thus the apparent torque efli- 
ciency low. 

With the monocyclic starting device the effect of the counter 
E. M. F. is to raise the altitude of the monocyclic or teaser triangle, 
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and thereby to increase the torque, up to the speed where the 
counter E. M. F. equals the altitude of the teaser triangle at open 
circuit. At this speed the teaser current becomes zero, (or very 
small since some current flows due to the difference of phase 
between teaser and counter к. м. F.), and the torque equals the 
main torque of the motor, that is the starting device has become 
ineffective. Beyond this the counter x. м. r. is higher than the 
impressed x. м. к. and current returns over the teaser, with the 
effect of reducing the torque of the motor by a partial short- 
circuit. With a motor of a three-phase winding witle 
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two terminals connected to the single phase mains of x. M. F. e 
and the third terminal to the teaser or intermediary connection 
of a resistance inductance monocyclic starting device, the maxi- 
mum counter к. M. F. of the motor in the teaser circuit, neglecting 
internal drop, is 4 УЗ e or .867 e. The maximum teaser voltage 
{at open circuit) is e/ 2, thus at ў = 58% of synchronism the 
teaser current should cease and the monocyclic starting device 
become inactive and should be cut out. In reality, due to the 
drop of voltage in the motor, the point where the starting device 
becomes inactive lies at higher speed, from 60 to 65 per cent. of 
synchronism. 

Assuming approximately the auxiliary torque of the mono- 
cyclic starting device as proportional to the difference between 
teaser E. M. F. and counter є. м. F. of the motor, the resultant 
torque is the sum of the auxiliary torque of the starting device 
and the main torque of the motor. 

In Fig. 40 and 41 are plotted the curves of Fig. 40, 41, result- 
ant torque of the single-phase motor in Fig. 6, 7, 8, with the 
resistance-inductance starting device in Fig. 31 of paragraph 2, 
for the secondary resistances 7, = .1, or open circuit, 7, = .25, 
7, = .6 and », = 1.6 ohms per circuit, and for а = 1.0 and 
а = .5. The starting torque is taken from Fig. 31 in 
paragraph 2. It decreases with increasing speed in a straight 
line, becomes zero at 60 per cent. of synchronism, and negative 
bevond this, as shown in dotted line for v, = .25, а = 1.0 in 
Fig. 40. This torque added to the main torque in Fig. 6, Sec- 
tion 1, gives the torque curves of Fig. 40 and 41. Asseen, these 
torque curves have very much the same shape as those of a poly- 
pha:e motor, and change in the same inanner with the change of 
eecondary resistance, but do not become zero at synchronism, but 
at a definite speed below synchronism. The range of the curve 
near synchronism is of less interest, since the starting device is 
expected to be cnt out of circuit between half-speed and two- 
third speed. It is of interest to compare these speed curves of 
the single-phase induction motor with monocyclic starting device 
in Figs. 40 aud 41 with the speed curve of the same motor as 
polyphase motor in Fig. 10 and 11 of my previous paper, and as 
single-phase motor in Fig. 6, 7, 8, paragraph 1. As seen, with 
increasing a, the curves gradually change from those of the sin- 
gle-phase motor to those of the polyphase mo'or. 
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In Fig. 42 are shown the speed torque curves of a Fig. 42 
induction motor with monocyclic starting device as found by test, 
for three values of secondary resistance; short-circuit, medium 
and high resistance, together with the curves of the teaser cur- 
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decreases proportional to the speed, reaches a minimum at 65 per 
cent. of synchronism, and then increases again as return current, 
up to synchronism, exactly as to be expected theoretically. 

Of the same motor the single-phase speed curves as shown in 
Figs. 9and 10, Section 1, and the three-phase speed curves in Figs. 
1 and 2 of my previous paper. All these three sets of curves are 
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taken at the same impressed voltage and frequency and are thus 


directly comparable. These tests, however, were made some 


years ago and thus the motor no longer represents the present 
state of the art. 

IIerefrom it appears, that of all single-phase induction motor 
stariing devices tlie monocyclic device most nearly reproduces in 
starting and accelerating, the conditions of the polyphase motor. 


Discussion. 


Tre Prestipent:—This paper of Mr. Steinmetz is another 
vainable contribution to our Transactions, of which he has 
already given us several, and as he himself said, it is a continu- 
ation of previous work. The single-phase induction motor is 
rather a new device. It resembles somewhat the synchronous 
motor in being incapable of starting itself, and has small torque 
at speeds below synchronism. This limitation is brought out by 
the fact that Mr. Steinmetz devotes more than three-fourths of 
his paper to the starting devices aud the effect that they have 
upon the action of the motor. 

The paper is open for discussion. Will Dr. Kennelly favor 
us with a few remarks on the paper! 

Dr. A. E. Kennetiy:—The paper before us is certainly an 
abstruse one from the point of view of electric motors, because 
we generally suppose that an electric motor is a very simple 
piece of apparatus. But I think if we eliminate that major 
portion of the paper which is devoted to startiug; the remainder 
devoted to the normal action of the motor, resolves 
itself into one of comparative simplicity. As the President has 
remarked, the single-phase induction motor is a sort of interme- 
diary device between the multiphase induction motor, with 
which we have some familiarity, and the synchronous single- 
phase machine. The single-phase machine must be brought up 
to speed in order to start, and must run strictly in synchronism 
or it will stop. The multiphase induction motor will not only 
start with a full load torque, but even with a torque considerably 
in excess of full load, and it will not run at exact synchronism. 
The intermediary device of the single-phase induction motor is 
one which will not start itself like its friend the sinyle-phase 
synchronous motor, but is more easily started from rest, and 
when once started will run nearly in synehronism—more nearly 
in synchronism than the multiphase induction motor; but if 
pulled out of that synchronism by an overload, it has a greater 
tendency to stop than the multiphase induction motor. I think 
that the relation between the two machines is perhaps more 
readily comprehended by the mental device of assuming a double 
rotation of the field than in any other way. Perhaps I may 
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make that clearer by a diagram on the blackboard. If we eon- 
sider the multiphase induction motor, we can assume that the 
field travels around at a perfectly definite rate, say right handedly 
In the case of a single-phase induction motor, we can imagine 
that the alternating field consists of a double rotation во that the 
full field divides itself into two halves, one half going around 
right handedly and the other half going around left handedly, 
aud each of these isa simple rotating field. Either of these 
components might be considered as a simple multiphase compo- 
nent in the absence of the other. You must have both compo- 
nents when you employ the single-phase current. The armature 
does not know which component to follow at starting, and you 
must determine which component it shall follow by giving it the 
initial impulse. Once it has been bronght up nen. into syn- 
chronism with either component, it will follow that compr ment 
as though the other did not exist, but when following the right 
hand component say at nearly synchronous speed, the left hand 
component will be rotating relatively to the armature at twice 
that speed. Therefore, if vou впрегрове upon the ordinary multi- 
phase induction motor a component of magnetic tield revolving 
relatively to the armature, at double the speed, in the opposite 
direction, I think the results are those that are deduced by Mr. 
Steinmetz in his paper. The importance of course of supplying 
the necessary starting power to the motor renders it necessary to 
use these various devices which are described in the long appen- 
dix of the paper. These become of great importance in view of 
the small torque which the machine normally possesses at start- 


in 

Mnr. STEINMETZ:—I held the same opinion some time ago, 
but in attempting to get results agreeing with experience from 
this theory of two magnetic tields of half intensity revolving in 
opposite directions, I have found that the theory does not repre- 
sent the facts, and ‘had to he given up, for several reasons. 

let —At standstill the magnetic field of the single-phase in- 
duction motor is undoubtedly alternating, and сап be resolved into 
two equal and oppositely revolving fields. At speed however, 
and especially at synchronism, one component has disappeared 
altogether and the other component is of full intensity, that is 
the tield is a uniformly revolving field as shown by the fact that 
in a turn at right angles to the primary coil the same к. м. F. is 
indueed, as in a turn parallel to the primary coil, but the к. м. F. 
i8 displaced i in phase by 90°. 

2nd—The current consumed by the single-phase induction 
motor when running light, contradicts the theory of the two op- 
positely revolving fields of half intensity. According to this 
theory the current running light should be equal to the sum of 
the exciting current of a polyphase motor of half impressed E. м. 
F. plus the current taken by a polyphase motor of half impressed 
F. M. к. when driven backward at full speed. This latter current, 
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however, is frequently many times larger than the current actu- 
ally observed in a single-phase induction motor at synchronism. 

3rd—The torque curve of the polyphase induction motor with 
low resistance secondary is as shown in £ in Fig. 1. The torque 


Fia. 2. 


curve of the same motor with oppositely revolving field is as 
shown in Fig. 1 by ¢', and thus the torque curve of the single- 
phase induction motor should be the difference between ¢ and 
¢',or T in Fig. 1. It isin reality only approximately of similar 
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shape, in a motor with low resistance armature, but it entirely dis- 

rees in a motor with high resistance armature. With very 
high resistance in the armature or secondary, the torque curve of 
the polyphase motor is as shown by ¢ in Fig. 2, with the maxi- 
mum beyond standstill. The same motor with oppositely re- 
volving field gives a torque curve ¢', and a single-phase motor 
should thus have as torque curve the difference T = t — ¢' as 
shown in Fig. 2, that is, should have negative torque over almost 
the entire range. This does not agree with experience, since we 
know that no matter how high the secondary resistance of the 
motor is, the torque still remains positive. 

For these reasons, the theory of two equal and oppositely re- 
volving fields must be given up, although it is still occasionally 
used in publications. 

Dr. KrENNELLY :—The explanation which Mr. Steinmetz has 

iven as to the discrepancy between the facts based upon the 

ouble revolving theory, and the facts based upon a simple cal- 
culation of what takes place without referring to that theory, do 
not however include the consequences of the magnetizing iutlu- 
ence of the currents in the revolving armature. In other words, 
he admits that when the armature is at rest, or when the machine 
is not in operation, as it were, the double revolving theory un- 
doubtedly applies. Now, when you start the armature in oper- 
ation you superpose upon that double revolution, which he 
admits is there, the effect of the currents in that revolving mem- 
ber and those effects, when superposed upon both halves and 
upon both members of the revolving field, will, I believe, come 
to the same thing as the effects which he traces out directly in 
his paper. Of course we cannot neglect the effects of the cur- 
rents in the revolving member bcn bod components, but if we 
take them into Consideran. 1 think the results are the same as 
when the matter is treated in the able manner Mr. Steinmetz 
has treated it in his paper. It seems to me that the double re- 
volving theory can be made to give the same results and is a 
siinpler way of looking at the matter in theory, a simpler way of 
regarding the matter. For example, all the main results 
mentioned by Mr. Steinmetz in his paper follow direetly 
from the consequences of a double revolving field; namely, 
the power of the motor being во much reduced because the 
two components are divided, the relatively feeble torque of 
the motor, the double frequency component of current—all 
these three things are consistent with the double rotation 
theory, and while it is true as pointed out by Mr. Steinmetz 
that the double rotation theory simply considered is not 
apparently in accordance with that fact, stil I take the 
position that if allowances are made for the effect of the 
revolving armature, if the armature reaction be taken into 
account, so to speak; that the double field theory can be 
made to agree with the facte. 
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The vector method is the only one up to the present 
date, that can simply and directly deal with ordinary current 
phenomena. <Any one who will compare a single expression 
of alternating current motor phenomena as developed bv 
the formula of vectors and developed by апу other formula, 
will be struck by the vast contrast presented by the two-- 
one, simple, direct, compact; the owes complex, vague and 
enormonsly extended. 

Mr. STEINMETZ:—I agree with Dr. КеппеПу that by amend- 
ing the theory to magneto-motive forces instead of magnetic 
fluxes, and taking in view the effect of induced currente, the 
theory of two opposite and equal rotations can be made to better 
agree with experience. 

It would read then, that the primary induced circuit of the 
single-phase induction motor ean be resolved into two equal and 
oppositely rotating M. M. F.'s, and the secondary circuit produces 
8 M. M. F. proportional to tlie speed and additive to the one, sub- 
tractive to the other component of impressed м. м. F., thus an- 
nihilating the latter and doubling the former at synchronism. 

Pror. W. S. FRANKLIN :—I am much pleased with the paper 
which I have heard discussed and partly read this evening, and I 
feel very thankful to Mr. Steinmetz for what he has given ua. 
I wish to express my belief with Dr. Kennelly that the theory 
of the induction motor might easily be developed from the double 
rotation field theory. In regard to the vector method for study- 
ing alternating currents, a method which from the narrow point 
of view of a teacher I have always thought of as a apical 
method, I may say that I have had considerable experience with 
it and I have always been skeptical of Mr. Steinmetz's method 
until I eame to look over his book and some of his recent papers 
and І must say, that I am entirely converted to the author's 
point of view. I think the т method is inadequate ex- 
cept for the use we teachers make of it. I don't know whether 
Dr. Kennelly means Mr. Steinmetz's method when he speaks of 
the vector method, or whether he means simply the praphical 
method. 

Dn. KENNELLY:-—IÍ mean Mr. Steinmetz’s method, which is a 
vector method and a most applicable one. 

Pror. Frankiin:—I thought perhaps that Dr. Kennelly 
might include both the graphical and the symbolic method in the 
vector method and I don't know but it is quite proper to do ao. | 

Mr. SrEiNMETZ:—I want to draw attention to the investiga- 
tion on page №). If you will look at the diagram you will see 
there are nine different currentsand still more E. м. .'в. Now I 
defy anyone to get results bv any other method of investigation 
in euch a complex system without negleeting hysteresis and neg- 
lecting exciting current and neglecting self-induction and some 
other things, and ultimately getting results which are entirely 
worthless. I may add that the method used here is used suc- 
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cesefully to predetermine the starting torque of induction mo- 
tors and agrees with experience. 

Mr. Townsenpn Worcorr:—If anybody will start with differ- 
ential equations, even in the simplest case of alternating cur- 
rents, he will tind that he gets into deep water very quick. The 
only objection raised to this method is that it assumes sinusoidal 
variation. Now Mr. Steinmetz and others who have tried it in 
practice, say that the practical results justify the use of the 
method. Of course it is not theoretically correct, but if you get 
practical results from it, it ів like a great many other things, 
justified in the application. Even in designing an or nr con- 
tinuous current dynamo you make assumptions about the flux in 
the tield magnet which are not true, but at the same time you 
get practical results which are near enough true for all practical 
purposes. The true distribution of magnetic flux in the field 
magnet of an ordinary dynamo is unknown; that is, the analyt- 
ical difficulties are so great that you cannot express itina man- 
ner which is theoretically correct, but you can get at it near 
enough for practice with simple arithmetic. Aadi it is just во 
with this method of Mr. Steinmetz. It is practically correct, 
whatever theoretical objection there may be to taking sine waves 
to represent a wave of any form. 

Pror. ЁкАхктлї:—Мтг. Wolcott has mentioned a thing which 
has often been in mind in contr asting the graphical method, or 
in its algebraic form, Mr. Steinmetz's method, with the analy t- 
ical method or the use of differential equations in the study of 
the alternating current. We find that the method of differen- 
tial equations is the one that does not assume a sinusoidal cur- 
rent, but, if you consider the matter, having a given saw-tooth 
form of к. M. F. your saw-tooth problem reduces itself to a series 
of sinusoidal problems. Now the problem to solve for the first 
member in that series is repeated for the second member and so 
on, and the problem which is based on any one of the harmonics 
of the alternating к. м. F. is precisely the problem which Mr. 
Steinmetz handles in his symbolic method, and which is handled 
by the ordinary method of graphical vectors, and we lose sight of 
the fact I think that the vector method is by using a series of 
diagrams applicable to any sort of a curve. 

Mr. Worcorr:—In Mr. Steinmetz’s method, we assume the 

equivalent sine wave, which procedure has been objected to by 

some electricians, especially in England. The justification of it 
is in the practice as I understand it. There may be matho- 
matical objections to doing it in this case, but we also do it else- 
where. For instance when we introduce 2 x into the expression 
for impedance we have already assumed the sinusvidal wave. 
That is if it happens to be some other shape, we assume an 
equivalent wave of simple sinusoidal form, instead of working 
out a whole series of terms, although it may not be correct from 
an analytical point of view. 
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Dr. KENNELLY:—I hope to see the vector method used 
practically by engineers because of its simplicity, directness and 
usefulness. I think it is a great mistake to suppose that the 
vector geometrical method is limited to the conception and hy- 
pothesis of sinusoidal waves of electro-motive force, magnetism 
or current. When vou go into an electric light station and вее 
an alternating current dynamo that is producing a thousand volts 
һу the voltmeter, and is producing say 30 amperes by the am- 
meter and 25 kilowatts by the wattmeter, you may form two 
suppositions ; one is that you have an unknown, peculiar com- 

lex type of wave, and analyze it all out by supposing that you 
oe a certain sine fundamental wave, and then the harmonica, 
and go through the various orders; or you can assume, which is 
equally nearly correct for all practical purposes, that the ma- 
chine produces a sinusoidal E. M. F., a pure sine wave of a thous- 
and volts, and that the load is such as to produce a lag of the 
current represented ‘by the power factor determined from the 
wattmeter. The wattmeter shows that there is a power factor in 
the whole load of so much, and that will represent to a sinusoidal 
electromotive force a certain combination of inductance and re- 
sistance. It is, strictly speaking, a false hypothesis, but it meets 
all the purposes of the case. he vector method may be con- 
sidered to assume that you can treat the к. м. к. as a simple 
alternating sinusvidal electromotive force. By that means you 
eliminate all the complication incident to Fourier’s method and 
you arrive at results which are practical and useful at once. 

Мв. Steinmetz :—1 fully agree that it is a matter of defini- 
tion whether it is permissible to use equivalent sine waves or 
not. No matter what the shape of the wave is, we can always 
resolve it into a series of sine waves of different frequencies, and 
the theory of the equivalent sine wave merely means that the 
total energy is included in the fundamental wave, and thereby all 
the higher harmonics made wattless waves. In consequence 
thereof in dealing with the fundamental wave only, as equivalent 
sine wave, we find results which check with experience, since 
this wave includes, and takes aecount of the total effect. 

There are, however, undoubtedly eases where the theory of 
the equivalent sine wave cannot be used, as for instance in the 
ease of the alternating arc, in which we have distortion between 
current and x. м. F. without phase displacement, and thus get a 
power factor without an angle of lag, or when attempting to 
calculate the angle of lag its sign becomes ambiguous. 

Regarding, however, the nse of Fourier’s theorem or the 
use of equivalent eine waves, I have never seen any publication 
where real alternator waves, that is waves as given by machines 
in commercial operation, have been used, and the calculation 
earried out by tlie infinite series of Fourier and any results de- 
rived, so that it appears to me merely an academic discussion 
whether it is permissible to use equivalent sine waves or not, 
since you cannot use the complete series-of. Fourier anyway. 


1898.] DISCUSSION IN NEW YORK. 118 


Pror. Franxuin :—If I may be permitted to make one more 
remark I wish to make clear what I said a moment ago, and that 
is that the vector method, including Mr. Steinmetz’s method, is 
precisely the analytical method. It is the solution corresponding 
to the fundamental harmonic. You could get another corres- 
ponding to the second harmonic, etc. Indeed Mr. Steinmetz 
might write a Fourier series of papers, one for the first har- 
monic, one for the second and so on ad infinitum upon each 
subject which he brings before the Institute. I wish particu- 
larly to make the point that the analytical method with its Four- 
ier’s series is precisely the same thing as the vector method 
including Mr. Steinmetz’s method, except that the latter as ordi- 
narily carried out ів not complete. Further, in regard to the con- 
ception of the equivalent wave. The use of this conception 
arises from the practical necessity of our being satisfied in our 
calculations with the results of one solution instead of a Fourier’s 
series of solutions; and while in some respects the actual funda- 
mental harmonic of the given £. м. F or current may represent 
the actual state of affairs more closely than any other sinusoidal 
Е. М. F. or currents, in other respects we know it does not, and 
we are justified in basing our single solution upon a sinusoidal 
Е. м. Е. or current which represents the state of affairs most 
closely in respect of those things which are of importance in the 
result. 

Mr. Eris E. Rizs:—It seems to me that we have had a 
great deal of mathematics and quite a little theory here this 
evening and so far as it goes it has been very interesting. I note 
from Mr. Steinmetz’s paper, however, that the single-phase in- 
duction motor requires, in order to make it practical, a self-start- 
ing device or rather a separate starting device, and he goes into 
considerable detail as to various methods that might be used. 
Now, it is a well known fact that the single-phase synchronous 
motor, which is one of the first of the successful alternating cur- - 
rent motors of which we have any record, is deemed objection- 
able from a practical point of view, mainly because of the 
necessity of employing some means of starting it. I should like 
to inquire, since I do not see in the paper any reference made as 
to the particular type of motor, if an actual motor was used in 
making these tests, and I should like to ask what the practical 
results were that Mr. Steinmetz obtained in making these tests 
and whether or not he has come to the conclusion that the single- 
phase induction motor, as a practical and available machine, is in 
advance of the single-phase synchronous motor. Of course we 
understand that the induction motor possesses the advantage in 
most cases of dispensing with the commutator and other compli- 
cated mechanical devices, but as a practical machine, takin 
everything into consideration, has he found and is he in a posi- 
tion to state to the members of the [NsTiTUTE ав a result of his 
experiments that this single-phase induction motor, as compared 
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with the polyphase induction motor, is in a position where it can 
be eae to practical, every-day use. I think the INSTITUTE 
would be interested in hearing something on that side of the 
question. 

Mr. STEINMETZ :—I may state that the single-phase induction 
motor is a standard article of manufacture and has been built 
and sold in sizes up to 100 H. P. 

On high frequency circuits these motors are used only in sizes 
up to 15 н. P., not because large sizes cannot be built, but due to 
the nature of most high frequency circuits, in which parallel 
operation is not practiced, and usually a number of small genera- 
tors are employed and circuits of limited capacity which do not 
permit the massing of larger loade as do large single-phase induc- 
tion motors. 

Low frequency single phase motors are used to a limited ex- 
tent only, since most low frequency circuits or more modern in- 
stallations employ either a polyphase system ог a monovclic 
system, and in either case the self-starting polyphase motor can 
be used. 

The essential difference between the single-phase induction 
motor and the single-phase synchronous motor is that the single- 
phase synchronous motor has to be brought up to complete syn- 
chronism and is thrown out of step, that is comes to a standstill 
if the frequency changes suddenly. Thus it cannot be used sat- - 
isfactorily in these high frequency stations in which the alterna- 
tors are not operated in parallel but with the changes of load the 
circuits are switched over from one machine to another machine, 
that is in most high frequency stations. In such stations, with 
increase of load on one generator, circuits operated by this gen- 
erator are thrown over to another generator, which being lightly 
loaded, usually runs at a higher speed, that is higher frequency, 
and in consequence thereof all the synchronous motors operated 
on such a circuit are thrown out of step, which obviously is very 
objectionable, and the main objection against introduction of the 
single-phase synchronous motor. The single-phase induction 
motor, however, in such a case will keep running, since it does 
not depend upon exact synchronism but operates at a speed some- 
what below synchronism. 

Mr. Ries :—What I had in view in putting the question 
was an application for the single-phase motor which has 
not yet reached a practical stage to any extent. I had in mind 
the employment of single-phase motors for electric railway work, 
long distance transmission and so on, in which alternating cur- 
rents are used, with special reference to a system of secondar 
distribution employing a single supply and return conductor ор 
as now used in direct current railways, and it was in that соп- 
nection that I wanted a little further information from Mr. 
Steinmetz as to what particular stage the single-phase induction 
motor has reached as compared with the well known synchro- 
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nous form. For stationary motors, where there is no particular 
difficulty in running a third wire, а two-phase or three-phase 
system of power distribution may have some advantages, at least 
under existing conditions. In the case of locomotors, however, 
the use of three separate conductors and sets of collecting 
devices for maintaining contact with them is productive of 
mechanical complications which may as well be avoided and 
which сап best be overcome by the adoption of an etlicient 
single-phase transmission system. 

R. STEINMETZ :—I do not see what I can say regarding that 
inquiry. As far as I know, no single-phase synchronous motor 
has ever been tried on a railway car, and no single-phase induc- 
tion motor either as far as I know, and since it is much easier to 
use а direct current motor, and wherever the distance is great to 
transmit the power over a three-phase transmission line by rotary 
converters, there has thus far been very little call for alternat- 
ing railway motors, and the only promising field which I could 
see for them would be very heavy railway work or very high 
speed roads, that is 100 miles or more per hour, and other kinds 
of special work in which a polyphase induction motor, or per- 
haps even a single-phase induction motor may perhaps be satis- 
factorily employed. 

[ Adjourned. ] 
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New York, March 23d, 1898. 


The 123d meeting of the ІхѕтітотЕ was held this date at 12 
West 31st Street, and was called to order by President Crocker 


at 8:20 P. M. 


Tue Presipent:—The Secretary has a few announcements 
to make before taking up the business of the evening. 

Tue Secretary :—At the meeting of the Council held this 
afternoon the following associate members were elected : 


Address. 
Acting Manager, Patent Dep't, 
General Electric Co., Schenec- 
tady, N. Y. 


GALLATIN, ALBERT R. Student at Columbia University, 
residence 58 W. 55th St., New 
York City. 

Electrical Engineer, Realty Syndi- 
cate Railways, Piedmont Power 
House, Oakland, Cal. 


GRIFFIN, RUSSELL AGNEW, Purchasing Agent, American 
Telephone & Telegraph Co., 15 
Dey Street, New York City. 


LEE, FRANCIS VALENTINE T. Engineer, (Pacific Coast 
Dept.) Stanley Electric M'f'g Co., 
800 California St., San Francisco, 
Cal. 


Associate Editor, The Electrical 
Engineer; residence, 831 Park 
Ave., New York City. 

Special Agent, American Telephone 
& Telegraph Co., residence, 200 
W. 88d Street, New York City. 

Instructor of Physics, The Univer- 
sity of Texas; 309 E. 11th St., 
Austin, Tex. 

THEBERATH, THEODORE Е. Pacific Coast Engineer, 

Stanley Electric M'f'g Co., 300 

California St., San Francisco, Cal. 
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Name. 
Davis, ALBERT G. 


GavTES, HERBERT 


LoEWENTHAL, Max 
Pope, Henry W. 


REICHMANN, FRITZ 


Endorsed by 
Chas. P. Steinmetz. 
Ernest Berg. 

Eskil Berg. 

F. B. Crocker, 
W. H. Freedman. 
W. Н. Ripley. 


W. M. Stine. 
B. J. Arnold 
S. A. Rhodes. 


F. A. Pickernell. 
S. Field. 
R. W. Pope. 


F. A. C. Perrine. 
C. L. Corv. 
F. P. Medina. 


F. B. Crocker. 
T. C. Martin. 
Max Osterberg. 


S. D. Field. 
R. W. Pope. 
T. D. Lockwood. 


A. L. McRae. 
H. H. Humphrev. 
Brown Ayres. 


F. A. C. Perrine. 


Geo P. Low. 
Е.Р. Medina. 
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Figss, ROBERT ANTON, Student of Electrical Engineer- F. B. Crocker. 
ing, Coluinbia University ; resi- G. F. Sever. 
dence, 201 W. 55th St., New York W. H. Freedman. 
City. | 

Total 10. 

In aecordance with the wishes of the meeting which was held 
at New York and Chicago to discuss the question of etandardiz- 
ing generators, motors and transformers, the Council this after- 
noon appointed the following committee of seven to consider the 
question and report to the Council : 


Francis B. Crocker, | J. W. LIEB, JR., 
Cary T. Нотснімвом, С. P. STEINMETZ, 
Актнпк E. KENNELLY, L. B. STILLWELL, 


Ено THomson. 


At the same meeting, in accordance with the Constitution, the 
Council selected the following nominees for the coming election 
from the nominations sent in by the membership: 


For President: 
ARTHUR E. KENNELLY. 


For Vice-Presidents. 
Rosert B. Owens, 
WILLIAM STANLEY, 
Cary T. Hurcuinson 

For Managers: 

Hersert Lrovp, 

SAMUEL SHELDON, 

Greorce F. SEVER, 

CHARLES P. STEINMETZ. 
For Secretary: 

Raren W. Pore. 

For Treasurer: 

GrorcE A. НАмиугох. 

The nominations sent in very clearly expressed the desire of 
the membership that the present incumbent should serve for 
another term as President, but Dr. Crocker positively declined, 
on account of his probable absence during the next year, beginning 
in the fall. He expects to go abroad and he wished to cut loose 
from all duties, of which the presidency was one. The paper 
this evening was to have been read by the author, but I received 
from him this morning a letter explaining his unavoidable 
absence. 

Tut Presipent:—It is quite unfortunate that Prof. Fessenden 
cannot be here to present his paper, as it is an interesting 
subject. The paper was printed in advance and has been 
accessible to some of the members. But as most of the members 
ahve not had an opportunity to read it and as the author is not 
here to give us an abstract, it would be well to have the paper 
read ge Mr. Ryan has kindly offered to do this. 


A paper presented at the 123rd Meeting of the 
American Institute of Electrical Engineers, 
New York, March 2374, 1509, President Crocker 
in the Chair. 


INSULATION AND CONDUCTION. 


BY REGINALD A. FESSENDEN. 


A thing insulates because it is possessed of two distinct prop- 
erties, first, the ability to stand the mechanical and electrical 
stresses due to the voltages used; and, secondly, because it is such 
‚а poor conductor that but a negligible small current сап flow 
through it and leak away. In other words, it will neither allow 
the current to break through it, nor to steal through it. The 
first property is called by Maxwell the “dielectric strength” 
of the insulator, the other property is called the ohmic 
resistance. The two together form its insulating power. 

In the two great branches of electrical work, the requirements 
for an insulator are widely different. For apparatus used for 
the transmission of intelligence as a rule low voltages are used, 
and во dielectric strength is of relatively &mall importance, but the 
currents used are small, the circuits long, and material of high 
ohmic resistance is needed. For apparatus designed for the gener- 
ation and transmission of electric energy, on the other hand, where 
the voltages are highand the currents large, dielectric strength is 
the main thing desired and the leakage of a small amount of cur- 
rent is not objectionable. Consequently the two branches of the 
profession have come to use the word “ insulation ” in quite differ- 
ent senses, the former and older as meaning something having 
high ohmic resistance, and the latter branch using it with refer- 
ence chiefly to material having great dielectric strength. 

Confusion sometimes occurs through this double meaning, and 
the writer himself has been taken to task by а European en- 
:gineer for stating that pure water was approximately as good an 

nsulator as rubber, the critic having reference, аё was, apparent, 
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to its ohmic resistance, whilst the original note was principally 
concerned with its dielectric strength. It is therefore considered 
best to define the sense in which the word is used, in spite of 
the fact that attention has previously been called to the distinc- 
tion to be made between these two properties; notably and very 
lucidly by Mr. Steinmeitz in this IxsrrrvTE's proceedings, vol. 
ix., p. 815. 

Before entering upon the discussion of the various purposes 
.for which insulation is used and of the substances best suited to 
each case it may be as well to give a brief account of the manner 
in which the current passes through materials. 

1. Бу actual convection.—That is by particles of the insulator, 
or of foreign substances, taking a charge from one electrode and 
moving with it to the other terminal under the influence of the 
voltage. This action is similar to that of the moving pith ball 
between the two knobs of a IIoltz machine. 


Fic. 1. 


The ball c having touched a and got a + charge, is repelled and moves over 
to B, where it gives up its charge, takes up a — charge and moves back to a. 


This phenomenon is not known to take place in solids, but 
it is quite marked in gases, vapors and fluids. 

Until recently it was a question of no practical importance in 
electrical engineering, but with the high voltages now in use or 
contemplated it may give serious trouble, and apparatus must be 
designed to check this form of leakage. It was not во long ago 
that Ferranti's 10,000 volts was looked upon as monstrous, but 
some experiments of the large companies, of which I have been 
informed, seem to show that 100,000 volts may be quite practic- 
able, even in quite unfavorable climates. With overhead wire 
the leakage will merely mean a loss of energy, and the use of 
porcelain for all insulation, as any oxidizible material (used for 
instance to protect the primaries of transformers); would be 
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speedily destroyed by the ozone. Where, however, oil is used 
in the transformers, the leakage may cause quite serious trouble, 
owing to the large surfaces and their proximity. In addition, as 
Prof. Elihu Thomson pointed out some years ago, with high po- 
tentials, impurities in the oil are apt to group themselves along 
the lines of highest slope of potential like the iron filings 
around a magnet, and if, as is generally the case, the impurities 
have a higher specific inductive capacity than the oil such a 
group is thus apt to form a bridge between two points of great 
difference in potential hence causing an are. In those convec- 
tion currents it is not, I believe, the very small particles which 
cause the trouble, because small bodies, when charged from a 
eomparatively large and smooth опе are not repelled but at- 
tracted; consequently a small grain of dust after touching а 
highly атр flat conductor would remain close to it if there 
were no negatively charged particles near it to drag it away or 
no currents in the oil to wash it off. 

The relation between the size of the particle, the voltage and 
the radius of the charged conductor when the particle after 
touching the conductor is neither attracted nor repelled can be 
obtained by the method of images, but the formula so derived is 
rather long and complicated and I have not had time to work 
out the numerical results. 

It is evident, however, from it, that for a convective cur- 
rent to take place the radius of the particles carrying the dis- 
charge must be a quite appreciable fraction of the radius of the 
charged conductor. Consequently this form of leakage is due 
to the motion of a portion of the oil as a whole and not of its 
individual particles, and if we can break up mechanically these 
currents we can to a great extent stop the leakage from this 
cause. This may be done in three ways :— 

1. By using oil of great viscosity, in which case, however, we 
lose the chief advantage of oil insulation, 2.e., its ability to re- 
insulate quickly after a discharge. 

2. By putting pure dry cellulose in some form or other be- 
tween the charged surfaces loosely, so that the oil can filter 
through it easily and any air escape readily, but sufficiently close 
to prevent any rapid flow. Pure cellulose has the great advan- 
tage that when well boiled in tlie oil it has approximately the same 
specific conductive capacity as the oil. No varnish or shellac 
should be used in the oil for reasons given later; 
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3. By dissolving a solid, non-disassociating substance in the oil 
in such excess that it crystallizes out at ordinary temperatures 
and forms with the oil a soft gelatinous mass, not fluid, but yet 
capable of allowing the oil to ooze through its substance. This 
has many of the disadvantages of 1, but it hae one advantage, in 
that the substance chosen may be one, like paraffin, having a large 
specific heat of liquefaction, and consequently an overload will 
not raise the temperature of the oil above a fixed point till the 
paraftin is all melted. 

The effect of points in promoting convective discharges in air 
is well known. It is usually attributed to the great surface 
density of electricity which a point must take in order to make 
the potential all over the conductor the same, and hence, since 
the repulsive force varies as the square of its surface density, it is 
evident that there will be a great tendency for discharge from a 
point from this cause. But there is another and very important 
one, 2.¢., the fact that, as mentioned above, a particle cannot take 
a charge and move away unless ite radiua is larger than a certain 
fraction of the radius of the curvature of the conductor at the 
point where it touches the latter; consequently when the charged 
surface is a plane only large aggregations of atoms can move 
away; these move slowly and carry small charges in proportion 
to their mass. But at points where the radius of curvature is 
very small, small particles сап move away with great rapidity 
and with relatively large charges. Rounding off or flattening 
the charged surfaces thus acts in a double way, by reducing the 
surface density and by preventing all but large sized particles 
moving away. 

2. Conduction in Solids.—It is not absolutely certain that 
all conduction is not by convection, but the terms are here used 
with their usual signification. In solids we do not know as yet 
exactly how the discharge is handed on, but I have noted a very 
remarkable fact, which is quite significant and suggestive, 7.e., 
that the conductivities of metals are proportional to the quantity 


elasticity _. valency. The following table shows this. 
density E 


This fact was discovered by the writer in 1892,' as the result 
of several years tedious work in collecting physical data and 
combining them into formule to see if any law could be found. 


1. Science, July 22, 1892. 
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TABLE OF CALCULATED AND OBSERVED RESISTIVITIES. 


| METAL. Атом.Уог.| Атом. WT.| VALBNCY. R. R. 
| CALC. OBSERVED. 
| = 
SISeE E, 10.2 108. 1 100 100 
| Соррет...................... 7.1 63.3 2 126 1с6 
quc cn 10.2 197. 1 135 137 
Aluminium.............. eee 10.5 27 3 153 189 
| Макпезит.................. 14 24.4 4 220 275 
| РА ЧУКО oet Pub 9.4 65.5 4 300 352 
Сайтиїит.................... 13. 112.2 4 456 450 
КАО КО EE RA PR 16.2 118. 8 1030 878 
t ТҺаШмшт.,................... 17.3 204. 6 tobo 1190 
| LOO iiu senaren Messed 18.2 207. 8 1470 1305 
IfOn o4 pd тое EE 7.2 56. 8 480 646 
| Beryllium....... ............ 2. 9. | 40r 8 50 OF 100 


Out of the hundreds of combinations tried, this and another one 
(really the same ultimately, but expressed in terms of other prop- 
erties), were the only ones which seemed hopeful. It was 
stated in the article referred to, that this formula could not be 
quite correct. This was for the following reason: Silver, gold 
and aluminium should, as will be seen from the formula given 
below, have resistances proportional to the square roots of their 
densities multiplied by their valencies, z.e., in the ratio of 


V10.6 : #1996: 2.65 х 3 
i. е., 100 : 136 : 150. 


Now at this time the best determinations of the resistance of 
aluminium with which I was acquainted gave it as 193 to silver 
100. With such a wide discrepancy therefore between calcula- 
tion and observation, 2.е., 193 instead of 150, it did not seem 
probable that the high observed value could be modified by sub- 
sequent determinations so as to agree with the calculated one. 
It was, therefore, with considerable pleasure that I saw the recent 
determination of Messrs. Richards and Thomson (published last 
year in the Journal of the Franklin Institute). Their results 
for aluminium, 99.66 pure, were: 

Aluminium : Silver :: 163 : 100, 


and they expressed the opinion that the value for pure aluminium, 
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when hard-drawn, would be 66 per cent. of the conductivity of 
copper. This result is so close to the calculated result given 
in the paper referred to, ?.e., 


17 : 27 = 100 : 159, 
though such a high conductivity for aluminium was considered 
beyond the bounds of probability at that time, that I feel justified 
in eonsidering that the formula given may be found fairly ac- 
curate when more exact determinations shall have been made. 
This formula throws а certain light оп the nature of 
conductivity in solids, and why some solids are insula- 


tors. For the formula VA Tame is the same as that for the 


velocity of sound ina body. Now, in the convective discharge, 
the electricity was handed on with the same velocity as that 
with which the particles moved. In fluids, as we shall see, the 
electricity is handed on with the velocity with which the ions 
move. In both cases the electricity travels along on the particles 
of matter. 

The idea that electrical flow in solid conductors might also be 
a simple handing on from one atom to another suggested itself 
nearly a decade ago to Professor Lodge. That brilliant and 
careful reasoner and experimenter, who has cleared up so many 
patches of scientific jungle, gives a very clear description of the 
manner in which this would happen if such were the case. I 
cannot do better than quote him, as it will show how well this 
idea agrees with all the facts then known, but one. 


* But if we are not satistied with this vague analogy, and wish 
to penetrate into the ultimate nature of heat and the mode in 
which it ean be generated, then we can return to the considera- 
tion of a multitude of oscillating and colliding particles, movin 
with a certain average energy which determines what we cal 
the temperature of the body. If now one or more of these 
bodies receives a knock, the energy of the blow is speedily shared 
among all the others, and they all begin to move rather more 
energetically than before: the body which the assemblage of 
particles constitutes is said to have “risen in temperature.” This 
illustrates the production of heat by a blow or other mechanical 
means. But now, instead of straveng one of the balls give it an 
electric charge; or, better still, put within its reach a constant 
reservoir of electricity from which it can receive a charge every 
time it strikes it, and at the same time put within the reach of 
some other of the assemblage of particles another reservoir of 
infinite capacity which shall be able to drain away; all the elec- 
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tricity it may receive. In practice there is no need of infinite 
reservoirs: all that is wanted is to connect two finite reservoirs, 
or “electrodes,” as one might now call them, with some constant 
means of propelling electricity from one to the other, 2.e. with 
the poles of a voltaic battery or a Holtz machine. 

What wil be the result of thus passing а series of elec- 
trie charges through the assemblage of particles?  Plainly the 
act of receiving a charge and passing it on will tend to increase 
the original motion of each particle; it will tend to raise the 
temperature of the body. In this way, therefore, it is possible 
to De the mode in which an electric current generates heat. 

ut although this process may be used as a possible analogy, it 
cannot be а true and complete statement of what occurs; for it 
is essentially the mode ot propagation of sound. Sound travels 
at a definite and known velocity, being a mechanical disturbance 
handed on from particle to particle in the manner described. 
But heat, being some mode of motion, must also be handed on 
after some analogous fashion, so that when heat is supplied to 
one point of а mass it spreads or diffuses through it. It is diffi- 
cult to py se the conduction of heat to be other than the hand- 
ing on of molecular quiverings from one to another, and yet it 
takes place according to laws altogether different from those of 
the propagation of the gross disturbance called sound. The 
exact mode of conduction of heat is unknown, but, whatever it 
s, it can hardly be doubted that the conduction of electricity 
through metals is not very unlike it, for the two processes are the 
same laws of propagation: they are both of the nature of a dif- 
fusion, they both obey Ohm’s law, and a metal which conducts 
heat well, conducts electricity well also.” 


I have said, “with all the facts then known but one.” This 
because, as mentioned in the abstract given above, there seemed 
to be no good evidence for the view that there was any connection 
between the conduction of sound and of electricity. The reason 
for this lay in the fact that very few determinations had been 
made of the velocity of sound in the pure metals, though a con- 
siderable number had been made on alloys and commercial ma- 
terials.’ 


1. I am here moved to again call attention to the fact that an immense amount 
of physical experimental work is misdirected. It is no doubt quite gratifying 
to ascertain, after several years laborious work, that & particular piece of brass 
or steel of not very definitely known composition and in a quite indefinite physi- 
cal state has & temperature coefficient of expansion expressed by five significant 
figures, but such information must be considered as pieces of philosophic virtu- 
intrinsically worthless, but possibly possessing a value by reason of their unique, 
ness and associations. I have pointed out elsewhere (Jour. Frank. Inst.) that 
at the present time, in spite of the fact that much has been done, notably by 
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Consequently no general law could be discovered, though it 
cannot be doubted but that had the formula for the relation be- 
tween Young's modulus and atomic volume discovered by the 
writer! been known at that time, this evidence of a still more 
intimate connection between sound, heat and electricity would 
have been discovered by Dr. Lodge. 

The formula referred to is: 

12 
Young's Modulus — ELT 
(atom. vol.) 

Henee it is possible to predetermine the velocity of sound in 
wires by the formula: 
cO 1 
Velocity in ems. per sec. — PEE NEN 
atom. vol. X density 
and the electric resistivity is given roughly by: 

Resistivity = 45 x 107? x atom. vol. x density x valency. 

This formula possesses a general interest, inasmuch as it would 
seem that while the strain in the dielectric is propagated with the 


velocity of light, 7. e. ~k и, the actual electricity in the wire 
is handed on with the velocity of sound, and is proportional to 


/ k. The significance of this will be treated of elsewhere. 

А 

Suppose a wheel, with elastic spokes and a heavy rim bound 
outside with & band of horsehair, the horsehair rubbing against 
a series of violin strings mounted parallel to the axis of the wheel, 
ав shown in Fig. 2. Suppose each violin string has mounted 
upon it a small metallie bead charged with electricity,so that when 
the strings vibrate the beads can touch. Then on grasping the 
wheel at в, after a time depending upon the elasticity and mass 
of the wheel, a spark will be seen at a, but the actual velocity 
with whieh the electricity moves round the cireuit of violin 
strings will depend upon the elasticity and mass of the strings. 
In passing, we may note several things : 


Matthiessen, Roberts-Austen and others, we have not at present any data in 
regard to 90 per cent. of the more important properties of the simpler metals 
used in the arts. The importance of having a standard state for solids; of а 
central bureau to furnish pure materials in a standard physical state to experi- 
menters, and theexclusive use of -uch materials by experimenters, cannot be 
overestimated. 

1. Elec. World, Aug. 22, 1891; Science, July 22, 1892. 
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Ist. That for this analogy to hold at all, the atoms must be 
charged even in a conductor not carrying current; which is signi- 
ficant when taken in connection with the fact pointed out by the 
writer in the papers above referred to, that if we calculate the 
tensile strength, rigidity and Young’s modulus on the assumption 
that these effects are due to charges on the atoms, we get results 
agreeing very closely with experiment. 

2nd. That in a circuit having many atoms in the cross-section 
the energy could be handed on without actual contact by electro- 
dynamic processes. 

3d. That if one part of the circuit were composed of violin 
strings tuned to в different note-period from the other we would 
get effects similar to those of thermo-electricity.' 


Ы 


Fic. 2. 


4th. That the reversal of the point of greatest drop of poten- 
tial in a circuit of air and carbon from the + to the — electrode 
as the pressure is reduced may be due to the fact that, as shown 
by the beautiful experiments of J. J. Thomson, the molecular 
conductivity of air at low pressures is extremely high, the elec- 
trode heated thus depending upon whether the solid conducts 
better than the gas, or vice versa. 

5th. That this same formula would also be applicable to a dif- 
fusion phenomenon, and indeed the presence of valency in the 
formula makes it exactly analogous to that for the diffusion of 
heat. Moreover, Roberts-Austen, in a series of striking experi- 


1. Compare the analogous problem of two portions of gas of different densities 
in a closed ring tube, and junctions heated. Neuman, Jahrberichte f. Chem., 
1874, p. 15. 
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ments, has shown that diffusion can take place in solids at ordin- 
ary temperatures. If a current be however a diffusion, it may 
be shown that for fairly large current densities the atoms must 
move several cms. per second and we might therefore expect in- 
terpenetration when brass and zinc terminals are joined. But 
this does not occur to any considerable extent. We may also 
take it as an electrolytic diffusion, as is suggested by J. J. Thom- 
son in his “ Dynamics Applied to Physics and Chemistry,” but 
in this case, even assuming the theory suggested by him to ac- 
count for some atoms preferring a plus to a negative charge, I 
find it difficult to imagine the manner in which the atoms could be 
charged and discharged at the surface of the conductor. It is to 
be noted that in gases the phenomenon of diffusion, sound velo- 
city and heat conductivity are all linked together. 

It will be noticed that in the table given, while the metals 
follow each other in the order they should from calculation, yet 
the agreement is in some cases not во close as in others. This 
may arise from several causes :—1. The conductivities of but few 
of the metals are accurately known. 2. The elasticities of but few 
of the metals are accurately known, and the formula given for the 
Young's modulus only roughly takes temperature into account. 
8. The temperature coefficients of the metals are not the same. 
For instance, that for copper is over .4 : .415, having been ob- 
tained by Swan and Rhodin, and .404 by Kennelly and the 
writer, whilst silver is only .38, and gold .36. Consequently the 
ratio will vary with the temperature, and at higher temperatures 
the ratio, resistivity of copper : resistivity of silver will be less. 
This, it is interesting to note, holds true for the velocity of sound, 
for from Wertheim’s results we have, velocity of sound in 
silver : velocity in copper = 1.35 at 20" C., and only 1.19 at 
200° C., and hence, just as in the case of electrical conductivity, 
the sound conductivity of copper diminishes at a faster rate than 
that of silver. 

The magnetic metals, as iron and platinum, are very difficult 
to obtain pure. Their true resistance is therefore at present 
doubtful. 

What has been mentioned thus far concerning the resistance of 
solids has had no immediate bearing on the subject of insulation. 
It was necessary, however, in order to introduce the following 
considerations. 
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In the formule, the valency was introduced. This term has 
no definite meaning, as the valency varies with the compound. 
Consider the writer’s chart of the elements, (Fig. 3), a modifica- 
tion of those of Meyer, Newlands and others. On one side are 
seen the metals of the arts. Above them in vertical rows are 
marked the figures 1, 2, 3, 4, ete. These figures indicate the 
number of chemical linkages which as a general rule the elements 
under the figures tend to take up. But there is no very definite 
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rule. Among the univalent metals some unite with bivalent 
atoms, as does copper, and in general all that can be said is, that 
a certain valency holds generally and not in general. Conse- 
quently when we find that by taking a group of metals having 
very closely the same values of Young’s modulus, as for instance 
gold, silver and aluminium, their conductivities are, within the 
limits of errors of observation, proportional to the velocity of 
sound -- valency; and that in any of the group of metals having 


Fic. 3. 
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the same valency the conductivity is directly proportional to the 
velocity of sound, within experimental errors, we are to a certain 
extent justified in making a choice of valencies when this is 
needed. Fortunately, however, this only occurs in two cases: 
lst, we must suppose copper to have twice the valency of silver, 
which we might, a priori, have granted, for though they are in 
the same group yet copper has markedly through all its salts, 
twice the valency that silver has. 2nd, that thallium has twice 
the valency of aluminium, a supposition which has no other 
justification than the fact that since the formula holds in other 
cases where the valency are known we have a certain right to 
use the formula to tind the valency. 

Now it is well known, especially from facts in organic chem- 
istry, that similar atoms or molecules can combine together to 
form what are called polymerized substances. For instance 
three molecules of C, H, acetylene can form one molecule of 
benzol, C, Н,. In general we find that these polymerized com- 
pounds are more crystalline and have higher melting points than 
the original substance. Also we note that the number of atoms 
in such a polymer is generally a multiple of the valency of the 
atom. Carbon, for instance, seems to prefer to go in groups of 
four. 

Considering now the table of elements, we see that as we pass 
along from row to row, and as the valency increases, the sub- 
stances get more crystalline and in many ways evince a linking 
together. 

lst. As mentioned, they are crystalline. 

2nd. Their specific heats get abnormally low, this indicating 
that they are polymerized, or plexed. 

3d. They are capable of existing in allotropic forms. 

4th. Their vapor densities show that several atoms are jointed 
together into one molecule, and hence they are almost certainly poly- 
merized as solids since the general tendency of heat is to disasso- 
ciate. Consequently there is some evidence for the theory that met- 
alloids differ only from metals in that they havea greater tendency 
to polymerize from their higher valeneies, which are probably in 
some way dependent upon the shapes of the atoms, and are so 
more crystalline, etc. We might therefore look for some evi- 
denee of polymerization among the metals. This is readily found, 
as before from the variation of the specific heat from its theoret- 
ical value. If this linkage were but loose, it is evident that it 
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might affect the specific heat but little, and yet have a marked 
effect on other phenomena. For instance, we might suppose that 
it would affect long sound waves less than short опев.! 

We might therefore consider that when the period of а sound 
wave coincides with that of the molecules, it is a heat wave, and 
that heat is transmitted with the velocity of short sound waves, 
but with a large logarithmic decrement. If this be proven by 
experiment we would have this relation; Zhe elec’ric conduc- : 
tivities are «n the same ratio as the velocities of very short sound 
waves, being thus analogous to Maxwell’s law for the velocity 
of light in insulators, in that the velocity varies with the period- 
icity. 

We have seen above that the electric resistivity varies directly 
as the valency. Also it has been indicated that there is some 
evidence to show that the polymerization or plex varies as the 
valency. Therefore we are led to assume that increase of resist- 
ance accompanies polymerization or the linking together of the 
atoms into groups. We see that this might hinder the transmis- 
sion in various ways since the groups would not vibrate so 
quickly as the single atums and there would be fewer of them 
per unit cross-section. Anything, therefore, which tends to give 
molecular complexity, tends to give high resistance; hence we 
see why alloys are generally higher in resistance than the average 
of their components. 

The resistance increases with density and molecular complexity 
and inversely with the elasticity. Consequently whether a re- 
sistance increases or decreases with temperature will depend 
upon whether the molecular union is weakened at a less or greater 
rate than the elasticity falls off. 

In getting a concept of this we may consider a conductor as 
analogous to а government department, the different atoms or 
officials being bound together into groups by valency bonds, the 
analogue to which is evidently “теа tape." The rate at which 
а given impulse is handed on will evidently depend inversely 
upon the amount of red tape and the density, or stupidity, of the 
individual official. The two causes are often confused. 


1. The writer ventures to suggest that the velocity of very short waves of 
sound in copper may be found somewhat less than half of that given now for 
audible tones, while that of lead may be reduced to but one-eighth of its value as 
given at present. 


132 FESSENDEN ON INSULATION AND CONDUCTION. [Маг 28, 


We must therefore, for solid insulation, get substances which 
are strongly linked together, of great density, and of small 
modulus of elasticity. The first is the property which varies 
most, since density and elasticity vary between comparatively 
narrow limits. 

3. Conductivity in fluids.—The nature of the manner in 
which electricity is conducted in electrolytes has been very 
‘thoroughly worked out by Clausius, Arrhenius, Hittorff, Kohl- 
rausch, Nernst, Ostwald and others, and the work of these physi- 
cists has led to the linking together of results in a way which is 
simply marvelous. As the results can be obtained from works 
on physical chemistry, a very brief resume is given. 

The atoms of a solid are held together by the force of cohesion 
and driven apart by the hitting of the atoms on each other, due 
to the fact that they are in vibration, possessing kinetic energy 
proportional to the temperature. The molecule may also be 
pulled apart by the cohesive attractions of its atoms for other 
atoms. Whether a substance is a solid or a gas depends upon 
whether the fraction: 


Cohesive force of atoms for one another -+ external force 


Kinetic repulsion + cohesive attraction for other atoms 
is greater or less than unity. We can thue turn a substance into 
а gas in two ways, %.e. by increasing the kinetic energy of the 
atom by heating it, or by bringing it in contact with other atoms, 
when, if the sum of the terms in the denominator is greater than 
the numerator, it will dissolve. 

We have to distinguish two kinds of linkages in solids, the 
cohesive force of the atoms for one another in uniting to form а 
molecule, and the attraction of the molecules for each other. 
The former generally is stronger than the latter ; consequently 
we may have a substance which on being put into contact with 
a solvent will have its molecules pulled apart from one another 
but not its atoms. In the presence of another solvent however, 
the second term may be sufficiently great to pull apart not only 
the molecules but also the atoms of the molecules. The substance 
is then said to be not only dissolved but disassociated. But dis- 
solved substances give an osmotic suction per sq. cm. which is 
equal numerically to the kinetic pressure which the substance 
would have if it were turned into а gas at the same temperature 
and volume as the solution. A number of proofs of more or less 
validity have been given for this, but it seems to the writer to 
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follow at once from the obvious fact that if we take a solid and 
heat it and dissolve it, the kinetic repulsion must always equal 
the cohesive attraction plus the vapor pressure when equilibrium 
is reached. 

This phenomenon of osmosis has been generally treated of as 
due to pressure and the dissolved substance to exercise a pressure 
equal to that which it would have if turned into a gas at the 
same temperature and volume. The writer (in the Alec. Review, 
London, Nov. 27, 1891) pointed out, as above, that the results 
were better explained by supposing that the solvent took up the 
cohesion of the solute, and that this got rid of the great difficulty 
of the disassociation theory, 7.¢., that solution was generally ac- 
companied by heating. Recently this theory has been put for- 
ward by other well-known physicists. Prof. Poynting (PAi. 
Mag., Oct., 1896) has treated the subject mathematically, and 
whilst the mathematical reasoning cannot be considered conclu- 
eive, as Prof. Poynting himself states, yet, as he puts it, it shows 
*that itis not necessary to ascribe osmotic pressure to disassociation, 
but rather to association, or some kind of combination of salt 
and solvent.” Ihave ventured therefore, in view of this fact, 
to do what I would not have done otherwise, č. e. to substitute 
my own conception of a suction for that of a pressure, otherwise 
making no change. 

In this way by measuring the osmotic suction we can tell 
whether a salt is disassociated or not; and it is found that only 
those salts which are disassociated can conduct electricity. The 
molecules split up generally into two parts, one charged with 
positive, the other with negative electricity. These charged 
parts or ions when placed in an electro-static field, move with a 
velocity proportional to the slope of potential and to the specific 
ability of each ion to move among the crowd of molecules of the 
solvent. Consequently the faster an ion can get along through 
the crowd of other molecules, z. e. the faster it can diffuse, the 
faster will the electricity be carried, and the greater the amount 
carried per second for a given slope of potential ; also the greater 
the quantity of electricity carried per ion the greater the current. 
The total quantity carried will be the sum of that carried by each 
ion, so that by adding the velocities of the ions we get the total 
velocity with which the electricity is moving. 

The conductivity of a solution is thns dependent upon the 
following: 
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1. How powerful the attraction of the molecules of the solvent 
is for the ions of the solute, for on this depends how much of the 
solute is disassociated, 2. e., how many ions are set free to carry 
the current. 

2. How fast the ions move. 

3. What the valency of the ions is. 

In designing insulations, the first is the important point. For 
from it we see that two good insulators mixed do not necessarily 
make a good insulator. A solid may dissolve in one substance 
and be an insulator in sulution, but in another solvent may con- 
duct quite well. 

This is what makes the chief difference between fluid insvla- 
tors, for practically all the fluids which are not simple elements, 
like mercury, have very high ohmic resistance, and all have prac- 
tically about the same dielectric strength. The ohmic resistance 
of pure water is, according to Kohlrausch and Heydweiller, 
about one meghom per cubic centimetre, consequently on account 
of its non inflaminability and great specific heat, its great heat of 
vaporization and low boiling point, it would be а very valuable 
insulator for some types of apparatus were it not for the fact that 
‘it dissolves almost everything in slight proportions and splits 
them up into ions. Varnished paper will dissolve in some high 
resistance oils, forming a conducting solution. 

С. Conductivity in Gases.—There is much evidence to show 
that conduction in gases is electrolytic. more especially J. J. 
Thomson’s beautiful work on this subject. Also the fact that 
in air or CO, carbon is deposited on the negative pole, sometimes 
to the thickness of more than an inch in enclosed are lamps, ac- 
cording to Marks, while in hydrogen or hydro-carbons in many 
instances the carbon is deposited on the positive carbon, would 
seem to favor this view. Also in its favor is Prof. Elihu Thom- 
son's observation of the formation of copper “ trees” in ineandes- 
cent lamps with coppered filament joints. Againstthis is Schuster's 
observation that the metallic lines in the spectrum havea fairly 
high velocity, and also the general appearances of the are, which 
looks as if something were going in one direction down its centre 
and something else back on the outside. Also there is one other 
phenomenon which looks as if it were convective. This is the fact 
that if we take a solid carbon and bring it nearer to a similar earbon 
while the current is passing, the resistance first decreases and then 
increases. This was I believe first pointed out-by Mrs. Ayrton 
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in her admirable paper on the subject. The reason of it has not 
I believe been given; it seems to be due toa necessity for 
circulation in the arc. If we have two carbons as in Fig. 4, at 1, 
the centre part of the current seems to flow all right, but the 
part в cannot flow unless the + carbon is very hot, and this is only 
cured by either increasing the current so as to heat the whole car- 
bon up or by reducing the cross-section, asat 2in Fig.4. Whether 
а carbon is cored or not has nothing to do with this increase of 
resistance on the distance being shortened, as all that coring does 
is to diminish the cross-section of the carbon, and I have repeated- 
ly found by actual test that the difficulty is entirely obviated by 
using carbons of X or — cross-section, provided the greatest 
thickness at any point of the cross-section is less than that of the 
cored. The phenomenon is evidently analogous to the jumping 
back of the discharge in a Geissler tube when the electrodes are 
brought too close together. The theory of this was given by 
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J. J. Thomson, and it was by applying this that I got over the 
diffieulty with the carbons. A true are сап be run from a much 
lower voltage in open air than is generally supposed when the 
section of the carbon at any point is not more than 44; em. thick. 
On the whole, the evidence seems to be in favor of the belief that 
both convective and electrolytic discharges take place in air. 
The whole subject is very fully treated in J. J. Thomson’s 
* Recent Researches in Electricity and Magnetism.” There can 
be, in my opinion, very little doubt but that when a true electro- 
lytic discharge takes place, as it does in a hot flame, the conduc- 
tivity is proportional to the velocity of sound in the gas, though 
so far I am not aware that any experiments have been made on 
the subject. It is possible that in certain cases the elasticity it- 
self may be a function of the slope in the electrostatic field. As 
the vacuum increases up to a certain point, the dielectric strength 
decreases, and this point depends somewhat on the electrodes and 
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voltages, and has led to the amusing result, that on the average 
every two years the discovery is announced that a vacuum is a 
good eonduetor. Above this, the discharge appears to get more 
and more convective, and a fact may be stated which I have not 
seen mentioned, 7. e., that the largest quantity of X-rays is not got 
from a tube unless the path of the positive particles back to the 
cathode is blocked up as much as possible. An experimental tube 
made by Mr. Meadowcroft for the writer last spring, in which there 
is a small tube running from the back of the anode to the back of 
the cathode which ean be blocked up by tilting it, shows this 
very nicely. 

As regards the electrolytic discharge, this can only take place 
when the gas is disassociated by heat or by a strong slope of po- 
tential. To the convective discharge the same remarks apply as 
to the convective discharge in gases. At ordinary pressures the 
only gases which allow a discharge to pass easily are helium, 
argon and possibly that unknown gas whose spectrum we see in 
the light of the Aurora Borealis. Helium, as shown by Ramsey, 
behaves at ordinary pressure much as air at low pressure, and а 
spark will jump through it for about thirty times the distance it 
will through air at the same pressure, when the pressure of both 
approximates that of the atmosphere. 

Having got rid of the theory which was necessary in order to 
give opportunity to condense later, and which has led me to won 
der if it were ever possible to find the pleasing mean between 
the conciseness of the Carpenter and the discursiveness of the 
Walrus, we shall take up the practical part of the subject. 


Нісн Resistance ÍINsvLATION. 


In laboratory apparatus in many cases, for instance with elec- 
trometers and resistance boxes, we need as high ohmic resistance 
as it is possible to get. Here however we are met by the fact 
that the two substances most commonly used, č. e. hard rubber 
and glass, are among the poorest insulators known for this class 
of work. 

Rubber is very objectionable from the fact that whilst it pre- 
sents a nice bright appearance when new, it contains sulphur and 
is very easily oxidized, especially when exposed to light. А film 
of sulphuric acid is thus formed on the surface, and if the tongue 
be applied to a piece of rubber which has been in use for some 
time the taste of the acid is very strung. I have seen the top of 
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а Wheatstone bridge, supposed to be capable of measuring accur- 
ately to one part in 5000, in which the total length exposed to 
leakage, divided by the average distance between which leakage 
could take place and the average voltage was only .005, with the 
top so acid that the tongue could hardly be allowed to touch it. 
As a rule it is very hard to remedy this; rubbing the surface 
does no good as the acid extends in tosome distance. Rubbing 
with cigar ashes is advocated by some, but I should fancy it 
would be almost impossible to remove the last traces of alkali. 
The method used by the writer is to steep the rubberin warm 10 
per cent. caustic soda, then in warm distilled water, frequently 
renewed, then drying in the dark quickly and rubbing with pure 
paraffin, treated as described under paraffin, then polished while 


warm. This does good for a time, until the paraffin takes up 
dust. 


For rods, a good way is to treat as above and coat half an 
inch thick with parattin; then run over the rod with a wooden 
die and cut a thread in the paraffin. Run over the thread about 
once a month, and good results will be obtained. 

With bridges, however, it is impossible to remove the top, and 
the only thing which can be done is to keep them covered up 
from light. 

Rubber has also one other disadvantage, in that it does not 
show dirt, and where rubber comes in contact with copper it is 
apt to rot. 


Glass is very bad because the alkali in it has a great affinity 
for moisture. The alkali is slightly soluble, and hence it is the 
custom. with analytical chemists to boil all beakers used in exact 
work for several days before using, so as to get the eoluble alkali 
and silica out of them. When possible this should be done with 
the glass of electrical apparatus. Another very serious trouble 
is that the angle of contact between water and glass is zero, so 
that when a drop of water is placed in the middle of a pane of 
clean glass it iminediately spreads all over it in a thin film. This 
method is used by chemists to determine when a glass is clean. 
Nothing much can be done with glass but to keep it dry. Sul. 
phurie acid is generally used, but it sometimes, if allowed to get 
dust in it, gives off vapora which condense on the sides of the 
Apparatus. This, however, does not often happen. 
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Evidently we need some substance of high ohmic resistance 
and one which water will not wet. Boys,,;who has earned the 
thanks of electricians for his happy discovery of an almost per- 
fectly elastic fibre, has given us also, as he himself has pointed 
out, such an insulator in quartz. Dip a thread of glase in water 
and lay it between the knob of а charged electrometer and the 
ground, and the leaves close almost at once, the whole fibre being 
covered with a film of water. Treat a quartz fibre similarly 
and the water slides off it, or remains in alternate big and little 
drops, each separate from its fellow, and the insulator ig appar- 
ently as good as the air itself. 

Quartz should therefore be used as much as possible in electri- 
eal instrument- work. It can be melted in a powerful gas flame 
furnace and though it can never be melted down free from small 
bubbles, these make no difference except in appearance. It is 
however, possible to obtain glass which contains no alkali, and re- 
sembles quartz in that it is not wet by water. Such asubstance is. 
Faraday’s borate of lead glass, as he himself points out. This is 
however too brittle for most work, but by an admixture with 
silica a glass could no doubt be made which would be perfectly 
satisfactory. If some glass manufacturers would take up this 
question and furnish us such a material for electrical instruments, 
the greater part of the present annoyance met with in making 
delicate experiments would vanish. It would not leak, would 
show dirt, could be readily cleaned, and-would be free from one 
of the great disadvantages of rubber, ?. e. a large coefficient of 
expansion, which is always making trouble by bending terminals 
of resistance coils, thus changing their value and sometimes open- 
ing the cireuit. 

It is also probable that a fine grade of porcelain would be a 
great benefit to the electrical profession, if coated with a good 
non-alkaline glaze. 

For insulating the coils of resistances it is doubtfulif we have 
any good solid material. For paraffin cannot be used, as its ex- 
pansion and contraction are so great that large pressures are put 
upon the wire and the resultant strains change the resistance. It 
might be easy enough to prevent the strain on the first solidifica- 
tion in a way similar to that devised by Rowland for cementing 
flat mirrors without buckling them, 2.е., by mixing a little glycer- - 
ine with the beeswax; the glycerine not dissolving in the bees- 
wax makes it act like a viscous fluid, 7. e., deform under the 
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action of infinitesimal forces in time. The glycerine however 
finally works its way out like zinc in a resistance alloy, (as first 
pointed out by Mr. Weston), and if a similar method were used 
with the coils, it would still be subjected to strains on 
change of temperature. Another objection which has been 
made in England is that рагайїп absorbs moisture. It is 
possible that this is due to the dissimilar methods of producing 
American and English paraffin as I have never had to complain 
of this, except of course when cold paraffin was placed in saturated 
moist air. The insulation resistance of paratfin seems however 
to be markedly increased by the treatment mentioned below. 
The great objection to рагайїп is its tendency to collect dust. 
Shellac has been recommended, and since the coils are in the dark 
the material will oxidize but slowly, and if care be taken to use 
pure alcohol for a solvent, and not denaturized spirit, (which 
sometimes contains conducting impurities) has a very high resis- 
tance when dry. Some ferms of Japan lac seem to remain flexi- 
ble permanently, as for instance the sample a (composition un- 
known) which is ten years old. 

Oil is sometimes used for resistance coils, and this is without 
doubt the best method, since the great point in the use of resis- 
tance coils is to know their temperature. The writer's experience 
with manganin and constantin as practical laboratory standards 
has been unfortunate and he has hence decided to use only 
standards of pure lead run into glass tubes and kept in water. 
The reason is that, other things being equal, the most sensitive 
Wheatstone bridge is that which takes the greatest current with- 
out appreciable heating, and in the ordinary form of resistance 
coil a very small eurrent will heat the interior up to such a tem- 
perature ав to alter the value. Moreover, if the coilis of a material 
not affected by such changes of temperature, it (with our present 
alloys) will have a larger temperature coefficient, and as the tem- 
perature of the interior of the coil is not known this introduces 
another uncertainty. With the oil mounting, however, this is all 
done away with, and pure oil has a very high resistance for low 
voltages. 

For condensers and induction eoils it is not only necessary to 
have materials of great ohmic resistance and of great dielectric 
strength, they must also be perfectly pure and free from admix- 
ture. For the first two properties there is nothing so good as 
paraffin, when properly used, all compositions such as beeswax, 
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(cerotic acid), ete., being quite inferior in both respects. Paraffin, 
and what is practically the same thing, pure ozokerite, will stand, 
according to the tests of Mr. Chesney, which I had the pleasure 
of witnessing, at the rateof 500,000 volts per inch. This I havecon- 
firmed up to 60,000 volts, alternating. Most substances, such for 
instance as glass, are at once cut out from consideration from the 
fact that they have too much electrical absorption, and heat when 
subjected to a fluctuating voltage. 

We must have an electrically homogeneous dielectric, 2. e. one 
of the same specific inductive capacity all through. This is for 
two reasons. First, because, if we have a dielectric a between 
two charged conductors, the introduction of a dielectric of greater 
specific inductive capacity, even if of infinite dielectric strength 
and ohmic resistance, will cause a to break down. To take а 
numerical case,—suppose we have two plates, 1 em. apart, and at- 
tached to the terminals of a 10,000 volt a.c. dynamo. (Fig. 5.) 
Suppose the dielectric, air, to support 50 per cent. more than this 
pressure. Introduce two plates of glass of к = 8, each + em. in 
thickness. Since the voltage divides itself up inversely to the 
capacitance, we will now have 8,889 volts between c and р. This 
being at a rate of 17,778 volts per cm. and as it only supports 
15,000, we will get a spark between с and р at every reversal of 
the voltage, which will quickly heat the glass and make it con- 
duet. The full potential of 10,000 will then be between c and p, 
and a regular are will form. Thus we вее that the introduction of a 
good insulator will, in all cases where an intermittent or alterna- 
ting voltage is used, have the paradoxical effect of weakening the 
insulation, unless the whole space is filled up with the material. 
This weakening is not generally apparent at once, as the spark 
takes sume time to eat its way back, and this explains why many 
induction coils only last for a few years of operation. 

Another cause is that treated of by Poisson, Clausius and Max- 
well! This is, that layers of dielectrics of different capacities and 
resistances show electrial absorption, and this theory has been 
proven experimentally by Muraoka, who showed that by taking 
two fluids, neither of which showed absorption, a layer of one on 
top of the other did do ѕо. · Maxwell treated the general case. 
It has, however, been treated in a more specialized way by A. 
Hess in La Lumiere Electrique, Nov. 26, 1892. In this paper 
are brought out the following points :— 


1. “ Elec. and Mag.,” vol. 1, chapter x. 
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1. A dielectric, as in Fig. 6, containing conducting particles of 
water, for instance, may be considered as an arrangement of con- 
densers and resistances in series and shunt with each other. Two 
cases, shown in Figs. 7 and 8, are worked out, and Fig. 9 gives 
the curve of charge in the cases of Fig. 7; E is the voltage on 
the condenser part, and &' that on the condenser and resistance. 

2. A condenser can show large residual charge, though its true 
ohmic resistance is infinite. 

3. With dielectrics showing absorption, there will be found some 
discharge time at which the amount of discharge will be constant 
at all temperatures. 

4, Why in some tests insulation seems to be lower with higher 
voltages. 

5. Why the presence of conducting particles increases apparent. 
capacity. 


Fic. 7. Fic. 8. 


6. That to get true ohmic resistance of most dielectrics, voltage 
must be kept on for a long time, even for days. 

7. Why Siemens’ method of taking the rate of loss of charge 
by electrometer does not give correct results. 

8. That specific inductive capacity of such dielectrics can only 
be determined by rapidly alternating currents. This possibly ex- 
plains an effect noticed by the writer many years аро, t.e. that an 
A. О. static wattmeter immersed in water did not give anything 
like the torque it should have if the true value of x for water 
were 80. 

9. The importance of getting out the last traces of water in 
gutta-percha and paper when used for cables. 

Ав mentioned, this author considered a simple case of Max- 
wells general theory and proved the above results by making 
actual measurements on condensers and resistances connected up 
so ав to correspond to a simple case of a dielectric of high resis- 
tance with conducting particles in it. This paper should be read 
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by all electricians, especially those concerned with cable work. I 
would like to speak of this subject more in detail, but for lack of | 
time will only add that most of the conclusions in that paper have 
been confirmed by me, and that some which had been arrived at 
independently were seen to be in perfect agreement. 

It is this absorption and the consequent losses which make glass 
useless as an insulator against high А. c. voltages. In some ex- 
periments made by Messrs. Stanley and Chesney which were 
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shown me, the glass plates of the condenser when on an a. с. vol- 
tage, (though thick enough to have stood ten times the p. c. 
voltage) after a few moments got hot, sparks could be seen pass- 
ing inside the glass, and the plates finally broke down. Glass is 
not homogeneous, as it is made up of a number of substances, some 
much better conductors than others, and of different capacities 
and all stirred together but not dissolved. This is shown by the 
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care which has to be used in getting glass homogeneous enongh 
for optical purposes, if even having, as has been told me by Mr. 
Brashear, to be kept perfectly horizontal when annealing, as the 
heavier parts tend so much to sink down to the bottom, even 
when the glass is only plastic, that the only way todo is to keep 
the levels of different density parallel to the surface of the disk 
so that their effect on the light will be as equal as possible for all 
rays. Otherwise one side of the lens would be of heavy glass and 
the other light, while at present it is so arranged that one face is 
dense and the other light. Mica is much less objectionable, es- 
pecially if its cracks are filled up and it is well dried. Paraffin - 
when properly treated makes very good condensers. The old 
method of piling together pieces of paraffin paper and tin foil and 
then pressing them, left much air and moisture inside. This pro- 
duced large electrical absorption and gave large capacity. Messrs. 
Hutin and La Blanche were tlie first to discover that good con- 
densers could be made by heating such condensers till the mois- 
ture and air were expelled. Their results! showed that the 
specific inductive capacity of this more homogeneous dielectric 
could be reduced from 8 to 2.5. I have myself found it come 
down as low as 2. They then found that the same results 
could be obtained by heating the paper before making up 
the condenser. Since then, this method of forming condensers 
by heating them to expel moisture, air and acid has been used 
quite generally, with some modifications and improvements re- 
sulting in a shortening of the process. 


It may be said as a general rule that the capacity of all sub- 
stances showing absorption may be reduced by this treatment, if 
the heating be kept up long enongh. A great many oils, for 
instance, are given high capacities, but I have found that in many 
cases this can be greatly reduced by this method, and that the 
slight rémaining excess of к over that called for by Maxwell’s 
theory can be almost entirely removed by removing the free fatty 
acids, mucins, etc. Oils tested by me were olive, castor, linseed 
and cottonseed. All these have very high insulation resistance 
and low specific capacity when so treated and purified but they 
soon lose this again when exposed to air. It is evident, therefore, 
that the anomalous results obtained by Hopkinson and others 


1. La Lumiere Elec ; July 25, 1891. 


144 FESSENDEN ON INSULATION AND CONDUCTION. (Mar. 23, 


were due, in some cases at least, to impure material, and such re- 
sults must be considered as forming a strong proof of the correct- 
ness of Maxwell’s theory.' 

But when the substances are not themselves solid, but viscous, 
they must have a mechanical backing. For this pure cellulose 
is generally used. Pure cellulose contains some loosely combined. 
moisture. Consequently it can exist in two states. Dried below 
100° С. it decreases its specific inductive capacity very much, and 
has very high resistance and is flexible. Kept above 100° C. for 
any length of time it loses some of its combined water, has a 
much higher ohmic resistance and its speciic inductive capacity 
sinks to 1.9 or 2. It however becomes very brittle, and even 
though the temperature be only a few degrees above 100 C. it 
finally cannot be bent without breaking.? (This brittleness must 
be carefully distinguished from the so-called rottenness which 
cotton fabrics get when dipped in linseed oil and dried. The 
fact that cotton tears easily in such a condition is due to the same 
cause as makes a wire mosquito netting tear when painted, 7. e. 
the fibres are stuck fast by the varnish and cannot help one 
another. This can be proven by removing the dried oil when 
the fibre will be found to have nearly its original strength.) In 
this condition it ів best suited for making condensers. The 
paraffin itself is greatly improved, as was pointed out by Hutin 
and Lablane, by heating to about 140 C. Three hours heating I 
have found satisfactory. The dried paper. immediately on removal 
from the oven, is plunged into the hot paraffin, so as to protect it 
from absorbing moisture. The condenser is then made up and 
boiled for several hours, so as to remove the air. This boiling 
method was described in a recent patent as a novelty, but it was 
used by Mr. Chesney at Pittsfield in 1891. 

A condenser so made, if perfectly pure cellulose is used (per- 
fectly pure paper is used in practice), and with pure paraffin, will 
stand 250 volts per thousandth of an inch when the dielectric is 


1. A rule connecting this effect with the sign of the Kerr's electrostatic opti- 
cal effect has been given by the writer. — Elec. World, Jan. 2, 1897. 


2. It is for this reason that electric apparatus should never run above 212^ F. 
As engine rooms sometimes reach 130° F., this means a limit of 82° F. or 45^ C. 
above the air. But when this is taken with thermometer, the rise indicated by 
the thermometer should be much less. With the introduction of high speed 
rotary engines we may expect to see much higher field strengths, hotter arma- 
tures and different insulation, say armatures with copper bars enamelled in the 
iron sheets. 
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less than .01 inch, and at a higher rate for greater thicknesses, 
when the effect of small defects in one sheet of paper is not so 
Serious. 

Practically the same remarks apply to the making of inductiom 
coils. Here, however, we meet with the great diffieulty that the 
paraffin in cooling is eure to shrink, and will leave hollows inside. 
The way to get over this is to constrnct the coil so that when 

cooling the shrinkage will take place outside, just ae if one were 
making a casting of some metal having great contraction. The 
coefficient of adhesion also should be less between the walls of the 
mould and paraffin, than between the wire and parattin; also the 
outside should never be let harden first, as then, of course, a hollow- 
space is left inside. Another precaution isto expel all gases by heat- 
ing the paraffin for some timeabove the temperature at which the. 
coils are to be boiled. "The coils should be boiled above 100? C. 
for some hours to drive off the loosely combined water. This 
destroys the mechanical strength of the cellulose, but as the whola. 
coil forms a solid mass this is of no great consequence, 

Silk should never be used where high insulation is required, ав 
pure cellulose dry and boiled in paraflin is во much superior to 
it that there is no comparison. With pure cellulose, coils with 
only 1700 feet of wire per inch of spark stand perfectly, z. e. the 
spark may be five times longer than the coil, In ordinary use, 
coils having а spark length 31 times that of the coil have beer 
run for long periods with no break-downs. 

As regards oil insulation for ordinary induction coils,the writer 
has not had sufficient practical experience. I believe, however, 
that very good results ure obtained. With regard to the Thomson 
high-frequency coil, there is no question of the efficacy of oil 
there, especially with regard to ease of repair. As is well known, 
however, the oil and coil should always be heated above 110? C.. 
for some time if the best results are to be obtained. A very 
eurious increase of insulating power for high frequencies in oil! 
has been noted by Elihu Thomson, who has suggested that it: 


might be due to inertia of the molecules of oil. To test this, one 
of the writers students, Mr. Bennet, constructed a two- -phase 


high-frequency electrostatic field. Though insulators placed im 
this rotated even when placed within а j'y inch glass flask, the 


1. Popularly known as the Tesla coil, on account of his having brought it 
into prominence through his use of it in his lectures ; though it, was invented 
and first described by Elihu Thomson. 
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effect was found to be due to air currents, and when these were 
elininated no movement was obtained, so that the cause of this 
effect is still unknown, and it is doubtful if true dielectric hyster- 
esis has ever been observed.! 

So far as Mr. Chattock's experiments and the experience of 
the writer go, there is not а great deal of difference between the 
dielectric strength of different substances. It is probably related 
to the tensile strength. Ав mentioned previously, the writer? 
pointed out that there was strong evidence to show that the tensile 
strength of a substance was due to the mutual attraction of charges 
on the atoms and that the observed values agreed well with the 
calculated and followed the same law. Some time later Chattock? 
in а very interesting and able paper showed that, as the results of 
his experiments, the dielectric broke down when the slope of po- 
tential was great enough to pull apart atoms having charges of 
the same dimensions as the ionic charges. This was shown for 
gases, fluids and solids, and forms a very interesting—and, I be- 
lieve, independent—corroboration of the writer's electrostatic 
theory of cohesion. Consequently, the nearer the atoms are to- 
gether and the greater their rigidity, the greater also their di- 
electric strength. 

Chattock's experiments give for solids and fluids— 

VOLTS PER CM. 


алайа FOR BREAKING DOWN. 
Glüss.. ааа DAAE May bud cid daret Siena Ae Leis odes 919.000 
\Үа[ег............ ОРНЕК e аа ео 1.050.000 
О иеа жын кажа oS RAE ви е wha Stee es sis S cU 980.000 


which agrees well with the theory. 

From the above it will be seen that if the materials are pure, 
and ohmic resistance is of not much importance, a compound 
having its molecules held together tightly will have a good 
dielectric strength for р. c. voltages. —— 

This paper is already so long that I cannot touch in detail on the 
question of cables. There are also other papers in existence 
written by men better equipped for the task. I had intended 
saying something about what Siemens has called the “absurd 


1. Righi some time ago published a paper in which he claimed to have ob- 
served dielectric hysteresis, and gave a law forits amount. Since Mr. Bennet 
made his experiments, however, Righi bas retracted his statements, having 
found the effect due to other causes. 


2. Elec. World, Aug. 8 and 22, 1891. 
9. Pil. Mag., Dec., 1892. 
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craze for high insulation resistance," but the fact is now gener- 
ally recognized, except by inexperienced engineers, that the best 
cables are those of medium ohmic resistance. I will only men- 
tion two methods which have occurred to me as feasible for cer- 
tain purposes. One is based on the fact that the dielectric 
strength of air, as shown by the experiments of J. J. Thomson 
and Peace increases very rapidly with the pressure at 90 lbs. per sq. 
inch being equal to that of a good quality of rubber. A similar 
plan, though not requiring any very large pressure, is due to Mr. 
Westinghouse, who thought of employing it four or five years 
ago in Philadelphia. The second occurred to the writer on read- 
ing Elihu Thomson’s article on the use of liquid air as an insula- 
tor. It is this: Since ice at only 12 below freezing has a specific 
resistance of over 1000 meghoms, 7. e. a8 good as some brands of 
insulation, why not make the conductors hollow, lay them in a 
trench tilled with water, pass cold brine through the pipes, use 
the brine for cooling houses, making ice ete., and let the frozen 
water act as the insulator. A rough calculation shows that this 
is commercially feasible, even neglecting all sources of profit 
from the furnishing of the brine, (2. e. if it were used only for 
cooling the pipes.) After making all allowance for friction of 
fluid, cost of power, etc, the balance comes at the right end, if 
the line is always fully loaded. 

The question is sometimes raised, whether we can ever hope to 
have a non-inflammable substance which shall be elastic like 
india rubber. The probable cause of the elasticity of rubber is 
known, ! and it would seem as if there was no reason why such a 
substance ehould not be prepared. All we have to do is to co- 
agulate one substance in the midst of another. In fact we have 
at present in tetrametaphosphate of sodium such a substance, 
elastic as rubber, transparent and tough, and when pure a good 
insulator. It would be an admirable material if it were not for 
the fact that the elasticity is due to water, and when this dries 
out it becomes brittle. 

As regards an organic artificial rubber, I have very little doubt 
but that it will be made as soon as it is understood by chemists 
that its properties are due to structural and not chemical causes. 

Armature windings.—The present methods of using mica 
leave little to be desired. The writer might mention, however, 
one novel method he used in a case where very heavy currents 


1. Molecular Physics, Franklin Inst., Sept. 18, 1896. 
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were to be carried. Asbestos and silicate of soda, as is well 
known, form a good coating. which is however, pour mechanically. 
The armature bars were wrapped with asbestos string and then 
coated with the silicate. This made when dry an extremely firm 
covering which could only be removed with a hammer. 
Though at first a bank of 100 lamps could be lit up through 
the insulation, after a little running it dried out to quite 
a high figure and the machine did good service, at one time run- 
ning several hours as I am informed on good authority, under 
such an overload that the carbon brushes were red hot. 

In cases where cloth is to be treated we have a very different 
question. There are two ways of using cloth, Ist, as a backing 
merely, by coating it on the surface with some substance which 
is supported by it, as plaster on lathing. Many substances work 
well in this situation but the fact that little tubes of cellulose are 
very apt to stick up through the coating, as was pointed out to 
me by Mr. F. R. Upton many years ago, and that if moisture gets 
in at the edge it spreads all over, renders it not the best kind of 
insulation. Rubber is sometimes applied in this way to cotton 
tape, but though of very high resistance and insulation at first it 
rapidly deteriorates. In general it should be said, that where a 
permanent result is desired rubber should never be used unless 
kept in the dark and out of contact with air. If these precautions 
be neglected the life is very short. The other method is to 
saturate the whole eloth with some substance which will penetrate 
every crevice, but when this impregnating substance has solidified 
it must continue to fill these crevices and capillary tubes. For 
this reason no substance wliich is dissolved in anything else can 
be used. If for instance we try a varnish dissolved in alcohol, 
it will be found that the strength of the solution in the capillary 
tubes is much smaller than outside, for the same reason that sea 
water filtered through sand becomes fresh.’ Consequently on 
drying these capillary spaces are not filled up and let water in. 
Therefore unless we adopt the first method and plaster the 
insulator on thickly and deep enough so that it does not matter 
whether the support insulates or not, we must use melted solids 
or drying oils. Unfortunately but few solids which melt are 
elastic, since this elasticity is obtained by a structure which is 
destroyed by melting, and those solids which melt into thin liquids 
and remain flexible when solid do not preserve this property ex- 


1. J. J. Thomson, ‘‘App. on Dyn. to Phys. and Chem.,” p. 190. 
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cept within narrow limits of temperature, as can be easily 
tested by holding under a cold water tap and striking the 
specimen sharply. Soft paraffin can be used in some cases 
if the cellulose be well dried and thoroughly saturated. The 
asphalts cannot as a rule be used, as they never get sufficiently 
fluid on melting. There is, however, one notable exception: 
uintaite or, as it is commercially called, gileonite. This substance 
I found many years ago had the peculiar property that, when 
melted, like paraflin or oil, it would pass into the pores of cellulose 
ог cloth. Having а very high melting point, nearly 300° if I re- 
member, and mixing perfectly with paraffin in all proportions, it 
gives mixtures which are admirably adapted for induction coil 
work as these compounds can be made to have high melting 
points and to penetrate a coil thoroughly. I also some yeara 
later, in 1891, used this material in combination with linseed oil 
for transformers, the process at first proposed being boiling in 
vacuum, but it was found that even without this saturation was 
complete. I understand that this method is still used, though 
modified in form, by the company for which I first devised it. 
Of the drying oils, with the exception of some foreign oils as 
Chinese wood oil, and an African oil whose name I cannot rec- 
ollect or ascertain, linseed and the drying nut oils are the best. 
Linseed oil has the remarkable property of expanding on drying. 
This enables it to fill up all pores. Its durability is evinced by 
the good condition of old oil paintings. The varnishes crack and 
go, but the oil remains. Its insulation is not injured up to very 
high temperatures at which shellac, rubber, etc., would be worth- 
less. This material was used a great deal by the Edison com- 
pany in its early days, but it often broke down. The trouble was 
traced to the lead drier, and after many experiments Mr. Mar- 
shall who had charge of this work finally settled upon the use 
of pure raw oil. This gave excellent results and was long used 
but took some time to dry, and the writer finally, after many tests 
found that borate of manganese drier got rid of thetrouble, while 
as is well known, it gives a very quick drying varnish. This was 
used by the United States company in Newark on their machines, 
with the result that in 1890 after use for a year, the foreman re- 
ported only two armatures so treated as returned for repair, (they 
were injured by lightning) and no fields. This material was also 
used by the Stanley company for transformers. Ánother advantage 
of this borated oil is that it always retains a slight stickiness, and 
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во gives a good joint when wrapping around wires, etc. Many 
substances so used are not sticky and let moisture in through the 
joints. Where a smooth surface is required, it is readily obtained 
by dusting on a little talc, a method first suggested, I believe, by 
Mr. Edison. It can also be given a coat of Japan on the 
outside. Varnish gums should never be used with linseed 
oil, as they are brittle, and the dried oil is only just flexible 
enough. Consequently when the oil has dried the resultant 
varnish is always very brittle. A temporary elasticity is given at 
first by the fact that when the solvent has dried off the oil is 
still fluid and undried, and as the varnish gum keeps the air from 
getting at it rapidly, it sometimes remains flexible for a year. 
Such mixtures also crack when cold. 

Sample c is a specimen of borated oil saturated cloth, which is 
now between eight and nine years old. It will be noted that it 
is still fresh and flexible, and a recent dielectric strength test 
showed up very high, 15,000 volts if I recollect. The pure raw oil 
is boiled at about 200° with 4 per cent. of borate of manganese 
for several hours till it begins to be thick. 

Non-inflammmable materials can be made, as I have pointed 
out elsewhere, by taking out the hydrogen atoms of hydrocarbons 
and substituting chlorine. Even paraffin can be thus treated if 
kept warm, and first turns to a fluid and then to a solid. At one 
time it seemed as if this process might be valuable, but the use of 
enclosed conduits has done away with the greatest source of dan- 
ger from fire. 

I will conclude by describing a couple of devices which I have 
found useful in preventing insulation from being spoiled. Sol- 
dering acid, as commonly used, is a solution of chloride of zinc. 
If this falls on cellulose it turns it to а paste. It never evapo- 
rates and always takes up moisture from the air, and will 
gradually eat its way through quite a thickness of insulation. 
Whether it is acid or neutral makes no difference so far as its 
action on the insulation is concerned, though the neutral solution 
does not corrode the wire. Rosin has the disadvantage that it is 
not a fluid and is clumsy to handle. I have found that by shak- 
ing up powdered rosin in very strong ammonia, an ammonia soap 
is produced which works well in most cases. The ammonia dis- 
solves the copper oxide and evaporates afterwards, leaving the 
powdered rosin, which is an insulator. 

Apparatus can be protected from overheating by putting in 
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the apparatus a small glass tube filled with carnauba wax. This 
melts near the danger point, but remains quite hard up till then, 
80 that by imbedding a spring and contact in the wax, when the 
apparatus gets too warm the wax gives, and the spring expanding 
causes а short circuit which blows the fuse. 

The largeness of the subject must be my excuse for the 
fragmentary nature of this paper. After I had begun it, I 
found I had made & mistake; what I should have undertaken 
was to write а book. I trust, however, that some of the points 
I have developed may prove of intercst. 


Discussion. 


Tue Presipent :—I can only repeat what I eaid before, that 
it is most unfortunate that the author was unable to be present. It 
strikes me that there is no very direct connection between the 
first part of the paper, which is theoretical, and the last part 
which is очыш practical. I fail to see anything but a con- 
nection in name between the two. But there are number of 
very significant points in the theoretical portion and a number of 
practical ideas in the second part, based on considerable experi- 
ence. The first part seems to be somewhat empirical, a sort of 
a groping, as it were, for some formula which would give an in- 
dication of the conductivity of substances. But that is always 
the way that science progresses, by laying down somewhat em- 
pirical laws which are afterward more clearly understood and 
appreciated. There certainly are a number of important physical 
facts that are almost within sight and many of them would ap- 
pear to be more or less touched by these formule. 

I believe Prof. Franklin had read this paper and considered it 
before the meeting. I will call upon him to diseuss it. 

Pror. W. S. Екамкілх -—I would say, Mr. President, that 
my estimate is very much as you have expressed yourself in re- 
gard to the relation between the first and second parts of this 

aper. Iam very much impressed with the desire of Professor 
Fessenden to arrive at some theory which will enable him to 
classify and systematize our knowledge of the phenomena of 
conduction and so on, and a great deal of the matter in the first 
part of the paper is entirely new to me. There is one thing, 
however, which I would like to say in connection with the mo- 
lecular theory in its application to physics You will notice that 
the first part of the paper is e wholly upon the molecular 
theory, and what I wish to say is this, that the most active part 
of physics at the present time, namely physical chemistry, has 
practically discarded the molecular theory altogether. You 
never hear a physical chemist talking about molecules unless he 
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is finding fault with somebody else who has been talking about 
them. The only things that physical chemists tolerate in 
the fundamentals of the subject are those which сап be either 
felt or seen or taken hold of or measured, and I have at times 
thought that this tendency will gain the upper hand, and that we 
will in time drop the molecular theory entirely. I think it would 
be a very good thing if it could be Irop ëd. Notwithstanding 
that fact, it seems to me that the author has shown some very re- 
markable relations between the mechanical properties of sub- 
stances and their electrical properties by the help of the molecu- 
lar theory. 

In connection with the matter which is discussed in the opening 
paragraph, namely the two distinct properties of an insulator, 
there is one quite striking illustration of that which perhaps may 
be of interest. | 

Electrical insulation, or the prevention of electrical motion, is 
analogous to the mechanical operation of fixing bodies by ropes 
and beams to prevent their motion; and, considering the mater- 
ials which are used as insulators, it is very much as if we had 
only molasses or pitch to make our ropes and beams of. If we 
had only pitch to make ropes of, there would be two very dis- 
tinct items of strength. If you wished to aubject a pitch rope to 
a given stress you would need to consider: First, at what rate 
the rope would lengthen. This rate of lengthening multiplied 
by the stretching force would give the rate at which energy 
would be continuously dissipated in the stretched rope. 

Second, whether the given stress would be sufficient to snap 
the rope in two. 

We have thus a complete mechanical analogy of the two items 
of strength of insulators. In one case the insulator gives wa 
continuously under the electrical stress and in the other case it 
breaks to pieces. 

There is one other point in this first part, which, as it occurs to 
me, might well be mentioned, and that is the relation between 
the conduction of sound or the transmission of sound in substances 
and that of electricity. Of course when I first read the paper, it 
strack me that the two things were so entirely different that you 
could not conceive of any relation hetween them at all. Sound 
has a definite velocitv, while we all know that electricity has no 
definite velocity through a substance. But that really is not an 
essential dithculty when you think about it, for this following 
reason: 

In the first place the transmission of sound through a substance 
is essentially identical to the action which we call stationary 
waves, £0 that the conception of velocity of transmission is not 
inseparably connected with the mechanical movements which we 
call sound. In the second place the enormous rapidity with 
which an electric current spreads along a wire is known to depend 
Mpon wave motion (ether waves) in the medium surrounding the 
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wire, while the movements at a point in a wire which constitute 
the conduction of the current at that point may be sluggish 
movements of the small parts of the wire itself of a character 
similar to the motion which constitutes stationary sound waves. 

I am not able to say much concerning the practical part of this 
paper except that I have been very much interested in it, and 
that it seems to me to show that the author has had a great deal 
of actual experience in the matter of the properties of insulators. 
I may say however that I have had considerable experience in 
the making of galvanometer coils using paratin, and boiling in 
vacuum, and this method seems to get rid of moisture so much 
better than any method that I have ever tried that I am surprised 
to find that Professor Fessenden has tried the method and dis- 
carded it. It may of course be unnecessarily complicated for 
many purposes, but it seems to me that it would be the very best 
method for treating induction coils and transformers. 

Тнк Presipent:—Is there any further discussion on this 
subject ? 

ROF. FRANKLIN :—It soems to me that there are two extremely 
valuable suggestions that Professor Fessenden makes in this 
paper, one is in regard to the possible discovery of a kind of 
glass which would be free from the insulation defects of ordinary 
glass, and the other is in regard to the great importance of in 
some way managing it so that a.man who wishes to make a test 
and is willing to put а great deal of time in making an accurate 
test can get pure material to work on. I suppose every one here 
has had difficulty in that respect. I myself have put in simply 
ап enormous amount of time in testing, for example, the magnan 

roperties of iron, and of course as you all know it is almost 
impossible to know what kind of iron it is you are buying. You 
get à sample of wire and the man you buy 1t from does not know 
anything about it, and the man he buys it from perhaps does not 
know anything about it, and if you could possibly trace it back 
through two or three steps you might come to the manufacturer 
. who could perhaps tell you a little about it but will not take the 
trouble, as a rule. But the getting of pure materials for the teats 
which are being carried out 1n great numbers all over the country 
seems to me to be a thing which is of extreme importance and 
Professor Fessenden's remark ought to be taken note of and 
acted upon in some way or other. It scems strange that we 
should annul the value of work which is costing the country 
literally thousands of dollars per day, by neglecting this funda- 
mental matter which would cost almost nothing at all! 

Dn. Реріх :— Mr. President, although rather late, I think that a 
few words should be added to this voluminous paper. I think 
that the first part, as you yourself have observed, haa Mardi any 
connection with the second part. It is unnecessary as far as 
the appreciation of the second part is concerned. It reminds 
me very much of the proceedings of a certain number of 
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ladies forming a literary club Oneof the members is appointed 
to deliver a lecture on something which is asa rule very advanced 
indeed, and usually very obscure and very uninteresting. But 
fortunately it is always relieved by a nice supper afterward, and 
the hostess ordinarily does not neglect the quality of the supper, 
because without the supper the lecture would not draw. So sci- 
entific writers who have something very important to communi- 
cate, something really very interesting and enjoyable, will 
sometimes preface that by something that is not very interesting 
or enjoyable. | 

There is по doubt that many among us have thought a great 
deal about the purely theoretical side of conduction. There is 
nothing perhaps in the whole range of the science of electricity 
which is so little understood as the conduction of current What 
is the process that is called the conduction of the electrical cur- 
rent? Who has any definite idea about it? Ido not think that 
Maxwell has ever expressed a definite opinion on the subject at all. 
In fact, the theory of the mechanism of conducticn has never been 
attempted until within the last few years, and then it was 
attempted in consequence of the marked advances which have 
been made in physical chemistry. There is no doubt that the 
conductivity of a salt solution is very intimately connected with 
its degree of dissociation, so that if you know the osmotic pres- 
sure or the vapor tension depression of a salt solution уоп can by 
indirect method calculate its conductivity, starting, of course, 
from the hypothesis that the conductivity is due to the dissociated 
molecules. еп a great deal has been done on the conduction 
of current through rarefied gases by the beautiful experiments 
of l'rof. J. J. Thomson in which he showed that a vacuum tube 
will act as a screen for electric waves, ete. Now in all these 
cases we cannot help being led to the conclusion that the 
mechanism of electrical current consists in the carrving of 
electrical charges, by the dissociated ions of the gas in опе case, 
and of the salt in the solution in the other case. Whether we 
have a tight to infer from this particular class of conduction 
that in the case of metallie eonductors the conduction takes place 
by a sort of dissociation or not. remains to be seen. І certainly 
think that we have no right so far as experimental data at 
presentare concerned A generalization of the kind was suggested 
by Prof. J. J. 1 homson in his book on “Recent Researches 
in Electricity and Magnetism.” Now whether the electrical 
mechanism of conduction be a sort of electrolytic convection or not 
I do not really see how the coarse mechanical properties of a sub- 
stance, like elasticity and density, can have any direct connection 
with electrical conduction. To be sure these empirical formulze 
which Prof Fessenden has given are very suggestive. But I do not 
think we ought to take them au seriene They are simply inter- 
esting empirical formule and not anything else, and I do not 
think Prof Fessenden intends that they shall be taken in any 
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other way than simply as suggestive formule. They serve to 
assist our memory in remembering the electrical properties— 
the electrical and physical constants of materials. 

I cannot say that the author has always been entirely correct 
in his statements of the opinions and theories of former 
physicists It is too late now to go into a close discussion 
of this matter. But one statement seems to me to be very much 
out of the way, and that is the statement on page 131 where he 
says: “ Тһе electric conductivities are in the same ratio as the 
* velocities of very short sound waves, being thus analogous to 
* Maxwell’s law for the velocity of light in insulators, in that 
“the velocity varies with the periodicity.” Zn that the velocity 
varies with the periodicity—now, as far ав I remember, Maxwell 
has never given that law, and in fact Maxwell’s theory is incom- 
plete in this very point, in that it gives the same velocity for all 
periodicities. It is only due to recent advances in the theory of 
electricity that the dispersion of light has been explained on the 
basis of Maxwell’s theory. Dispersion of light is possible 
only if different periodicities travel with different velocities. So 
that I do not see where Prof. Fessenden lias found that in 
Maxwell’s theory. That seems to me to be an entirely erroneous 
statement. 

I think the practical part of the paper is most excellent. It 
shows that the author has had a very large experience in the 
handling of various materials, of conductors and non-conductors, 
and although I think that to most of the electrical engineers who 
have had considerable experience in research work, alt these state- 
ments will not be new, still I think it is very useful to have all 
these experimental data classified and recorded as something to 
which we can refer. I think, therefore. that it isa very good thing 
to have in the Transactions a few pages like these where valuable 
suggestions concerning the properties of materiais are recorded 
in a systematic way. For that part of the paper most of us, I 
think, feel as I do, that we ought to be very grateful to Prof. 
Fessenden. 


[ Adjourned.] 


[COMMUNICATED AFTER ADJOURNMENT BY REGINALD A.FESSENDEN. | 


I regret that an important business meeting rendered it im- 
ossible for me to personally present this paper before the 
NsTITUTE, but I take the opportunity to о on some of the 

remarks made during the discussion. 

First, with respect to the connection between the different 
parts of the paper, I would say that this is much more close than 
appears to have been appreciated ; in fact, it is almost too obvious 
to require mentioning that a knowledge of the theory of insula- 
tion requires a knowledge of the theory of conduction. IJnsula- 
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tion is one of the most important points in electrical design, but 
I have no hesitation in saying that there are not more than one 
or two companies in the United States whose insulations are 
worth more than so much bare cotton cloth after two years’ ser- 
vice. By this I mean that if a piece of apparatus be taken after 
one or two years’ use and put in a box, and the bottom of the 
box flooded with water, the insulation resistance of the apparatus 
will begin to go down and in a short time it will fail to pass a 
voltage test, thus showing that the insulation is no insulation at 
all, properly speaking, but merely а mechanical means for keep- 
ing the wires apart and insulating only just as much as а 
piece of cotton tape would. To take one example, I had re- 
cently sent me by а large manufacturer of street railway motors 
а piece of insulating material for which he claimed very con- 
siderable virtues; which had been the best insulation he had 
used зо far and which he had only abandoned on account of its 
very high price. On my testing a sample taken from a motor 
about a year old I found that it рад been originally а very good 
quality of canvas, covered, above all things in the world, with 
rubber. Of course, the rubber had totally gone to pieces and 
was in the form of а black non-cohesive powder. Its insulating 
properties proved so poor that on placing a drop of water on 
one side of it, in 30 seconds it came through on the other side. 
The trouble is that the insulating department of a company is 


generally put in charge of some young man of very little prac-. 


tical experience. He is generally a good and able man, makes a 
lot of experiments which have been made over and over again 
by others, but not published; thinks he has found some good 
things, and after a year or so, when he begins to see how the 
machines brought in for repair look and is really beginning to 
learn something, is promoted to a better position, and the next 
man goes through the same thing. To again take an exainple, 
one of the most common things for the beginner to do is to 
make up а gum varnish as an insulator. I know personally at 
least ten cases of this. Now, old hands know that a gum varnish 
is no good, that it cracks within a year, that it splits in cold 
weather, that it never makes a good joint when used on paper or 
cloth, and that its only virtue is that it looks pretty for a time. 
Yet I suppose that there are at the present time at least a dozen 
companies using varnishes for insulation, at from $1.50 to $4.00 
per gallon, when pure borated oil, superior in every respect, can 
be got for about 30 cents per gallon. 

Now all those details would make a long paper, too long to 
read at such a meeting as that of the Institutr, and I have 
therefore merely indicated a general theory of the subject with 
a few illustrations. 

I thoroughly appreciate the kind remarks of Professors 
Franklin and Pupin. I however disagree with them entirely 
on certain points. First, with respect to Professor, Franklin’s 
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remark about molecules. I have myself some knowledge of 
chemistry, and was for some vears head chemist of Mr. Edison's 
laboratory. I have also made a specialty for some ten years of 
physical chemistry, and I have no hesitation in saying that the 
foundation of almost all good work in chemical physics must be 
the behavior of the molecule. It is true that there has been a 
good deal of manipulation of energy equations lately by the 
chemists, and I will not deny that some good work has been 
done in this line, but it must not be furgotten that this is only 
one small branch of physieal chemistry, and that the results so 
obtained can generally be obtained by much simpler methods. 
I think Professor Franklin will appreciate this if I ask him to 
predetermine the density of, say, cesium chloride; to pre- 
determine the tensile strength of magnesium; to predeter- 
mine the angles of a crystal whose chemical composition is 
known, without resorting to other analogous salts; to determine 
a law for the compression of gases which shall have but one ar- 
bitrary constant and shall yet express with more exactness than 
eVan der Waal’s equation the pressure volume curves for a// 
ases, or to give а strict and satisfying mathematical proof that 
ulong and Petit’s law is a true physical law and not a coinci- 
dence. I think that it will be admitted that this cannot be done 
without resource to molecular theories, but all the above have 
been done by the writer, and all published except the last. 
Many beautiful instances are given by Professor Roberts-Austen 
in his papers, for instance the predetermination of the. tensile 
strength of alloys. I venture to express the opinion that the 
recent work of Larmor on combinations of vortex rings, to- 
gether with the newly discovered fact that the unequal shifting 
of the lines in Zeeman's effect must depend upon the valency of 
the atom ; that the valencies of an atom must bó separate and 
distinct things, as distinct from each other as two interlaced 
rings; that each valency must give rise to a distinct set of lines, 
shifting differently to the lines due to another valency, the 
ahifting rari given by a simple expression, will give fresh im- 
petus to work in this direction. There is reason to believe that 
this year will ever be memorable as the date on which we first 
began to obtain definite information in regard to the structure 
of the atom. 

It is not true that atoms cannot be measured. They have not 
been measured very accurately at present, but any chemist who 
should determine the latent heat of vaporization and the surface 
tension of mercury would be able to determine from them the 
size of the atoms, and hence that of the molecules, with a degree 
of precision approaching that of many atomic weights. 

am very much pleased with Professor Franklin’s mechanical 
analogy. It brings out things іп a very pretty way. With re- 
rd to the question of boiling in vacuo, I would say that 
Professor Franklin is perfectly right in saying that it is better 
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than in air, but my experience has been that if the boiling 
is done ав I have described, the difference is very slight.. I do 
not know the reason of this; possibly it is that when the cellu- 
lose begins to decompose, it dave out the rest of the air, and 
when the paraffin cools, the hydrocarbon vapors are absorbed by 
the paraffin. I have never made any experiments to test this 
theory, however. 

With reference to Prof. Pupin's remarks, I hope he will par- 
don me if I say that he would never have made the statement 
that the rate of flow of a current “could not have anything to do 
with such соагве mechanical properties of matter as elasticity 
and density," if he were not deeply versed in the writings of the 
modern mathematical physicists who have treated of electrical 
po I will add, if he were not /oo deeply versed. I 

ave a complaint to make against these gentlemen: they cannot 
be got to realize that there is а difference between а force and 
а flux, between н and s for instance. In a paper in the very 
last Philosophical Magazine for example, the formula for the 
Zeeman effect is given wrongly, н being written throughout 
for в. Ав a consequence of this neglect of у, they out- 
Maxwell Maxwell, and any one reading their papers would 
get the impression that, as one of them has actually put it, 
the only function of a wire was to dissipate energy. 

This is going too far. It is entirely false. The dissipation of 
energy is merely an incident and has nothing to do with the 
function of a wire, which is to carry what we call the quantity 
of electricity. Take for instance a copper wire at absolute zero. 
It then dissipates no energy, but does any one suppose that 
we could then remove the wire and still have a current t 
Not unless the ether at absolute zero were a conductor, which 
is negatived by the fact that the sun’s light traverses space, 
which it could not do if the ether in space were not a per- 
fect insulator. A sensational idea, even in science, is hard to 
kill, no matter how false; as witness, the often repeated 
statement that light is due to charges oscillating on the atoms, 
as in small condensers, though this statement has been refuted 
time and again, and by the very man who first made it. 
And so we must be prepared for some years to hear that 
the ether is the all important thing, whereas, as a matter of 
fact, it is merely the thing which pushes along the thing 
which we call the current. 

Now we know three ways of producing a current. Con- 
vection, electrolytic conduction and metallic conduction. We 
Know that in convection the current does not travel with the 
velocity of light, but that, by putting charged balls in the 
insulated buckets of a coal conveyor, we may have any current 
we please, and the electricity traveling as fast or as slow as 
we please. In electrolytic conduction we have very good 
reason to believe that the electricity travels-on thejatoms, and 
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at a speed of only a few centimetres per second. Having 
thus one instance in which the current is known not to 
travel with the speed of light, and one in which it is almost 
certainly known not to do so, does not the burden of proof 
that the current in а wire does not flow also at some slower 
rate fall upon these **all ether?" physicists ? 

Now, as to the actual relation given by me, the facts are 
these: Dr. Lodge, as I have pointed out, many years ago 
showed that it would be а natural thing if the current flowed 
at the velocity of sound, but, having no data for the velocity 
of sound in wires, or rather, incom Siete data, stated that there 
did not seem to be any relation. I, working in an empirical 
manner, found a formula showing a relation between the 
velocity for sound and the conductivity. This I published 
years ago, and gave in it the conductivity of aluminium as 66 
per cent. that of copper, the best determination at that time 

eing that it was only 50 per cent.; but as I had forgotten 
about Lodge’s work, I did not refer to it. Now the latest 
determinations of the conductivity of aluminium give it as I 
had predicted it. 

In spite of this, Professor Pupin savs that he **does not 
think that we ought to consider these formule аи serieux.” 
To whieh I can only say' that I conceive Professor Pupin to 
be possessed of a very happy disposition. To speak seriously, 
no real advance of importance can be made until we give u 
this idea of attributing everything to the ether and come bac 
to face the facta. Pónneability and specific inductive capacity 
are real things, even their general forms are known, and we 
сап prove from Faraday’s law of electrolysis’ that at least one 
of them must be a complex quantity. A great deal of harm 
has beeü done by this neglect of the functions of matter, and 
many students have had their ideas confused by it. Too much 
has been laid to the ether. 

With regard to Professor Pupin’s remarks on Maxwell’s law, 
they are perfectly correct, but I never wrote the sentence as 
he quotes it. The compositor has seen fit to introduce a colon 
before the word “these” which should not belong there, and 
as originally written, the nominative of the verb “being ” was 
the word “relation.” ‘lhe sentence thus means that Maxwell’s 


i 


rule, that uil ДЗ ів proportional {о the slowness of sound, have 
this in common, that the function of k and и varies with the 


law, z? и? is proportional to the slowness of light, and my 


1. This was indicated, of course, long ago by some of the optical theories, 
but it has been shown by Rayleigh and others that this does not give satis- 
factory results in all cases. The proof depending upon Faraday’s law is how- 
ever unexceptional, though at first sight there would seem to be no immediate 
connection, 
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periodicity of the motion. Maxwell, of course, in his law 
never made any statement that Д or p varied with the peri- 
odicity, though he shows that & does in other portions of his 
work. I would thank Professor Pupin for calling my atten- 
tion to this slip. 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS. 
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New York, April 27th, 1898. 


The 124th meeting of the American INsriTUTE oF ELECTRICAL 
EwNciNEERS was held this date. at 12 West 31st Street, and was 
called to order at 8:30 r. м. by the Secretary. 

Тнк SkcRETARY :— The Vice-Presidents. and Managers who 
are on the standardizing committee are engaged in quite an im- 
portant session, and they will be in attendance later. Meanwhile 
we will proceed with the business of the evening, and if some 
gentleman would be kind enough to nominate а Chairman to act 
until the President arrives, | will entertain the motion. 

Мк. Josera W erzLer:— I move that Mr. Leonard occupy the 
Chair temporarily in the absence of the President. 

The motion was carried, and Mr. H. Ward Leonard took the 
Chair. 

Tue Secretary :—At the meeting of the Executive Com- 
mittee this afternoon the following associate members were 
elected : 


Name. Address. Endorsed by 


ALLEN, Wyatt H. Care H. F. Allen, 202 California Louis Duncan. 
St., San Francisco, Cal. Н 5. Hering. 


Alex. Stratton, 


Fitzavas, Wm. H. Supt. Bay City Electric Plant, Bay F. B. Rae. 
City, Mich. К. S. Hunting. 
Thomas Duncan. 
FLEMING, JOHN BRECKENRIDGE, Mill Superintendent and R. W. Pope. 


Cons Engineer, Austin Mining Edw. Caldwell. 
Co., Austin, Nev. W. F. C. Hasson. 


Henry, Око. J. Jr., Engineer for N. Y. Branch, The W. W. Blunt. 
Pelton Water Wheel Co., 143 P.N. Nunn. 


Liberty St., N. Y. City. J: N. LeConte 
Hopkins, N. S. Ass't Engineer, General Electric Co. H. G. Reist. 
Box 825, Schenectady, N. Y, A. L. Rohrer. 


C. P. Steinmetz, 
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LiNpsav, ROBERT General Supt. The Cleveland Elec. M. C. Canfield 
ПІ. Co., 717 Cuyahoga Building, W. S. Barstow. 
Cleveland, Ohio. J. W. Lieb, Jr. 


MuScCHENHEIM, FRED'K A. Electrical Engineer, Western Н. F. Albright. 
Electric Co., 57 Bethune St., resi- E. S. Keefer. 
dence, 41 W. 81st St., N. Y. City. Geo. A. Hamilton. 


ScuLoss, Newton L. Consulting Engineer, 39 Cortlandt Jos. Wetzler. 
St., residence, Stuart House, N. T.C. Martin. 


Y. City. R. W. Pope. 
ToLMAN, CLARENCE M. Electrical Engineer, with Edw. C. E. Doolittle. 
G. Stoiber, Silverton, Colo. E. Friedlaender. 

Н. G. Reist. 


VINTEN, ERNEST STILES Draughtsman, Walker Co., New Chas. N. Black. 
Haven, Conn.; residence, 89 Pearl H. McL. Harding. 
St., New Haven, Conn. F. G. Daniell. 
Total, 10. 
The following paper on “ An Economy Test of a Central Sta 
tion? was presented by the Secretary in the absence of the 


author: 


A Paper presentcd at the ragth Meeting of the 
American Institute of Electrical Engincers, 
New York, April 27th, 1598, Mr. H. Ward 
Leonard tn the Chair, 


AN ECONOMY TEST OF A CENTRAL STATION. 


BY W. E. GOLDSBOROUGH. 


· INTRODUCTION. 


During the summer of 1895, I made a study of one of the 
large electric lighting stations of Baltimore city, from an eco- 
nomic stand-point. A series of somewhat general observations, 
led, finally, to a decision to subject the plant to a number of 
rigid economy tests, to determine along what lines, if any, the 
method of operating the station could be modified to improve its 
efficiency. The tests were initiated largely as a matter of en- 
gineering interest; for the station, even at that time, was 
adjudged efficient. Arrangements for these tests were perfected 
about the end of the summer, and in the following pages is given 
an account of the more interesting matters that came to my 
notice during their progress. 

Since 1895, the station has been so extensively improved, both 
as the result of these investigations and the natural growth of 
business, that the paper can hardly be said to be a record of the 
. economic performance of any at present existing plant. New 
boilers have been added, as well as new engines. With but one 
or two exceptions the old engines have been refitted with new 
cylinders and valves, and the electrical units, dating as far back 
as the tests, have been so thoroughly renovated as to be practi- 
cally new. 

The station is to-day, without doubt, more efficient than in 
1895, and the improvement is in a great measure due to the re- 
moval of the defects to which your attention will be called. 
Tests of the character of those discussed have an undoubted 
value, and there is many another plant to be studied and regu- 
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lated in virtually the same manner before it attains the maxiinum 
efficiency. A combination of boilers, engines and generators, 
however efficient they may be severally, do not necessarily pro- 
duce an efficient station. Each station must be regarded as a 
special problem by the engineer, and must be studied as such. 

The interest taken in investigations of this character by Mr. 
James Frank Morrison, general manager of the company con- 
trolling the station, made the tests possible, and it is through his 
kindness in consenting to the partial publication of the results 
obtained, that I am privileged to read before the Institute this 
abstract of my report. If the facts do not appear in some cases 
to bear out the conclusions, it must be remembered that it has 
been possible for me to embody in this paper only a small part 
of the original data. | 


Purdue University, La Fayette, Ind., 
March 1898, 


Тнк STATION. 


The West Pratt Street Station of the Edison Electric Illumin- 
ating Company of Daltimore city is situated on the north-west 
corner of Pratt and Penn streets, Baltimore, Maryland. 

The station occupies & substantial one-story brick building that 
fronts on Pratt street and extends back 178 feet to King street. 
The general character of the building is very well illustrated in 
the ground plan and elevation of it that is contained in this pa- 
per. The Pratt street end contains the boiler plant; this room 
is 60 feet long and 67 feet wide. North of the boiler room is 
the engine room ; it is 118 feet long and 60 feet wide. 

From Pratt street the station presents a pleasing appearance. 
Its front is rectangular, 35 feet high and broken by large double 
doors and windows. 

The Boiler Room.—The boiler room contains nine water-tube 
boilers of the type manufactured by the Campbell and Zell Com- 
pany which are arranged in four batteries of two each, with one 
. large boiler in the south-west corner by itself. 

The boilers have a total rated capacity of 1,750 horse-power. 

As shown by the ground plan of the station above referred to, 
the boiler plant is equipped with three large iron stacks. One 
of these receives the products of combustion from the furnace of 
boiler No. 1. Another is in the northwest corner of the boiler 
room and forms the continuation of the flues-of boilers Nos. >, 
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3, 4 and 5. The third isin the northeast corner of the boiler 
room and is built to accommodate the large boilers, Nos. 6, 7, 8 
and 9, on the east side of the station. 

The location of the steam mains is not shown in the station 
drawing. A single 10-inch main extends along the west side of 
the boiler room over boilers Nos. 1, 2, 3,4 and 5. It is carried 
through the north wall and terminates in a “straight line” cen- 
trifugal separator placed just inside the engine room. On the 
east side of the station a similar line of 16-inch pipe extends over 
and collects the steam from boilers Nos. 6, 7, 8 and 9. It is ex- 
tended on into the engine room. The east and west steam mains 
are connected by a 10-inch pipe which runs parallel to the divid- 
ing wall just inside the boiler room. The cross main is equipped 
with a large stop valve and an equalizer connection. 

The equipment of the boiler room also includes one 500 н. v. 
* national” feed water heater, one 500 н. р. “ excelsior” heater 
and purifier and one 1500 n. r. double open and closed feed 
water heater made at the Bass Foundry and Machine Works. 

There are three duplex pumps at the nortli end of the boiler 
room, where the heaters are also placed. The steam cylinders 
of these pumps аге 12" x 19” and the water cylinders 7” x 19” 

Ав a rule it is found that one pump is sufficient to supply the 
boilers, and during the tests made upon the station, only one 
pump was used. The feed water flows from the city mains di- 
rectly to the heaters in which it is heated by the exhaust steam 
from the engines. It is drawn from the heaters and forced into 
the boilers by the pumps. During the tests the heaters were 
found to be very effective. They do not apparently increase the 
back pressure in the exhaust mains and yet save over 11 per 
cent. of the fuel. 

The Engine Room.—The newer part of the station building 
north of the boiler room contains the engines and the electrical 
machinery. The floor of this room is about level with the 
ground. The foundations of the engines all extend above the 
floor and there are no wheel pits, etc. in the station. The aggre- 
gate rating of the engines is 2065 н. P. 

The piping between the engines and boilers is ample in its di- 
mensions. Engines Nos. 1, 2, 3, 5 and 8 are on the east side 
main. This main is constructed of 16-inch pipe up to the point 
where the supply pipe of No. 1 engine is conneeted. 
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Beyond this point it is reduced to 10-inch pipe and is carried 
over to the west side of the station ; it is then extended north 
over engines Nos. 5 and 8. Where the east main crosses the 
middle of the station a “straight line” centrifugal separator has 
been inserted. This is the only separator on this line of pipe. 

The pipe connections between engines Nos. 1, 2,5 and 8, and 
the east main are quite direct and short; the connection to No. 3 
is however, necessarily long; it extends entirely across the 
station. 

Engines Nos. 4, 6 and 7 are connected to the west side steam 
main. This main extends almost due north from the boiler 
room and is composed of 10-inch pipe throughout its entire 
length. 

The exhaust mains extend north and south underneath the 
floor. They connect directly with the heaters, and all waste 
steam not eondensed by the feed water is discharged through 
exhaust heads into the air. All of the engines exhaust into these 
mains except engine No. 1, which exhausts directly into the at- 
mosphere through an exhaust head. 

The normal steam pressure at which the engines are operated 
is 130 pounds by gauge. The entire plant is non-condensing. 

The station is equipped with electrical machinery designed to 
supply 13,000 16 c. P. incandescent lamps and 1,420 2,000 c. P. 
are lamps. The arrangement of the units is shown on the 
ground plan of the station. They are all belted to the engines. 

The dynamo leads are carried to the switchboard, which is 
raised nine feet above the floor of the station, through subways 
underneath the floor. From the switehboard the leads are car- 
ried out of the station on suitable racks through the skylight that 
covers the greater portion of the roof of the engine room. 

A very good idea of the appearance of the station and the gen- 
eral arrangement and setting of the machinery can be obtained 
from the cut of the engine room. The eut brings out the ar- 
rangement of the steam piping and wiring very clearly. 

The Are Lighting Plant.—In the are lighting plant, the usual 
American practice of transmitting power to numerous dynamos 
from one engine by means of shafting and belting is followed. 
The entire equipment is divided into three sets. 

Engine No. 1, which is a 600 н. r. horizontal cross-com pound 
high-speed Ball and Wood engine, is directly connected to a line 
shaft that extends along the east side of the station, and to which 
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twelve 80-light Wood 2,000 с. р. аге light machines are belted. 
Each of these dynamos will safely develop 38.4 к. w. or 51.47 
H. P., making a possible total load of 618 n. р. for the engine, 
over and above the friction load due to the line shafting. 

Engine No. 2 is also directly connected to a line shaft extend- 
ing along the eastern wall of the station. The engine is a simple 
four valve horizontal high-speed Russell engine of 170 н. P. and 
drives а 10 x. w. 500-volt Wenstrom generator and three 80- 
light Wood 2,000 c. р. are light dynamos, which are all belted to 
its line shaft. The total maximum rated electrical output of this 
equipment is 168 H. P. 

Engine No. 3 is а 125 н. р. simple single valve, high-speed 
horizontal Russell engine. It drives two 80-light and one 60- 
light Wood 2,000 c. r. arc light dynamos that are belted to pul- 
leys on a short extension of the engine shaft. The total normal 
rated output of this equipment is 141.5 E. H. P. 

The normal eurrent output of the аге machinery is 9.6 am- 
peres. The practice at the station, however, is to regulate the 
machines at about 9.5 amperes, and this current value was used 
during the teste, except in the ease of machines Nos. 4 and 6, 
which supply the are motor circuits and are operated above their 
normal capacity at 10 amperes. 

The Incandescent Plant.—The single-phase alternating cur- 
rent system is exclusively employed for the distribution of power 
{о the incandescent lighting circuits. A uniform pressure of 
1000 volts is supplied to the distributing mains, and this is re- 
duced by means of transformers to 50 volts at points where it is 
supplied to consumers. 

To meet the increasing demands upon the station and to ad- 
mit of the most economical adjustment of the load under existing 
conditions the incandescent plant has been enlarged from time to 
time until at present it comprises five distinct equipments each 
operated by а separate engine. The arrangement of this ma- 
chinery is very well exhibited in the cut of the ground plan and 
side elevation of the station contained in this paper. Referring to it: 

Alternator A, is a 150 к. ж. Wood machine compounded for 
1000 volts. It is operated by a 300 н. r. tandem compound 
“ideal” engine. 

Alternator В, is a 100 x. w. compound Slattery machine. 

Alternator C, a 50 к. у. Thomson-Houston machine, both of 
which are operated by a 300 H.P. cross-compound ,Ball and 
Wood engine. 
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Alternator D, is а 100 x. w. Slattery machine, driven by а 145 
н. P. Buckeye engine. 

Alternator E, is also a 100 к. w. Slattery machine and is driven 
by a 145 н. р. Buckeye engine. 

Alternator F, is a 150 K .w. compound Wood machine and is 
driven by а 300 н. r. Ide engine. 

As the diagram indicates, all of the alternators аге belted, 
solid leather belts being used. Their exciters are supported on 
separate bases, and are belted to pulleys placed on the collector 
ends of the shafts of the alternators. 


Tue Tests. 


The tests that were made upon the station took place during 
the last week in August, and the first week in September, 1895. 

In planning for the tests no efort was made to improve the 
condition of the plant in any respect. The engines and other 
machines were operated just as they had been running during 
the months previous, and absolutely no modifications were made 
in the methods of adjusting the load to the various units, in the 
way in which the boiler plant was handled, or in the usual con- 
trol of the water and coal supply; except on Sept. 1st and 2nd 
as explained later. The station employees were in no wise 
instructed to modify their habitual practice, and they were at all 
times left perfectly free to perform their accustomed duties. 

In carrying out the details of the tests, in the construction of 
additional apparatus, the calibration of instruments and the fit- 
ting and adjustment of the same, in fact, for the perfection of 
all the varied requirements of so large an undertaking, compe- 
tent extra help was employed. 

Every effort was made to have each detail of the general plan 
accurately outlined, worked up and perfected. For the measure- 
ment of the water supply a large weir was built on the north- 
east corner of the boiler room roof almost directly over the 1500 
н. р. feed water heater. Measurements were taken of the water 
level in the weir at 5 minute intervals throughout the entire 
period of the tests with a Boyden hook gauge, and a continuous 
record was also obtained with a very sensitively adjusted chrono- 
graph. Аз а check upon these readings, the water-meter, 
through which all the water passed that entered the station, 
was read at 15-minute intervals. Furthermore every water con- 
nection, through which leakage could possibly occur, was tested, 
and made water tight if found imperfect. 
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In figuring up the amount of water that was supplied to the 
boilers, the levels shown by the hook gauge and the chronograph 
records were checked against one another, and the chronograph 
records were all integrated with an Amsler planimeter. The 
results that were obtained in this way were then compared 
graphically with the water meter readings. The weir and water 
meter curves follow one another quite closely, and show that up 
to the rate of flow of 2200 pounds of water per hour the water 
meter registers /ess than the true amount of water, but that over 
that rate it measures элоге than the true amount of water. 

The scales used in measuring the coal were made by Fair- 
banks, and their accuracy was assured by testing them with a 
block of iron, the weight of which had previously been ascer- 
tained on the standard scales at Ше United States Sub-treasury. 

Each barrow of coal was passed over the scales and balanced 
accurately for 400 pounds of coal before being carried into the 
station. 

All the steam gauges used in connection with the tests, were 
standardized by comparing them with a new Thomson and Robert- 
коп gauge testing set. The thermometers used in making calo- 
rimetrie tests of the quality of the steam had been calibrated 
previous to the tests and were calibrated again immediately after 
the tests. These calibrations were found to correspond. The 
calorimeters used were three carefully constructed throttling 
calorimeters and one Carpenter separating calorimeter. The 
pyrometer used in measuring the temperature of the flue gases 
was calibrated by inserting it into a steam pipe and comparing its 
readings with determinations made of the temperature of the 
steam from the readings of two calibrated gauges connected to 
the same steam pipe. During the tests, each steam cylinder of 
the engines and the pump was equipped with a steam indicator, 
and proper indicator riggings were fitted up to ensure the accu- 
racy of the cards taken. Engines Nos. 1, 5, 7 and 8 were 
equipped with two-way cocks in connection with the indicator 
fittings, but on the other engines, valves placed on either side of 
the indicator had to be relied upon when taking cards from the 
opposite ends of the cylinders. 

The speed of each of the engines was taken every 15 minutes 
with the usual form of Starrett hand speed indicator. The speed 
of engine No. 1 was always taken at the time the indicator cards 
were made, and the speeds of the other engines immediately 
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thereafter. This method is not so exact as that of using tach- 
ometers or constant speed counters, but owing to the fact that 
there were no sudden changes in the load on any of the engines, 
the plan adopted was considered sufficiently accurate. 

Testing Instruments.—For taking the record of the output of 
the arc dynamos quite an amount of special wiring was necessary. 
Three standard high range Weston voltmeters were available for 
determining voltage readings. Three tables were therefore con- 
structed with a double row of mercury contacts arranged 
along one side of the top. The tables were nailed to the 
floor and connections made between the terminals of each of 
the arc machines and a pair of the mercury contacts. One of the 
standard voltmeters was placed on each table, and was used to 
take the voltage readings of the machines connected to that table 
by successively inserting a flexible insulated connector into the 
mercury contaets. 

As it was impossible to provide ammeters for all the arc cir- 
cuits, one standard Weston direct current ammeter was used for 
testing all of them. А test was made of all the circuits every 15 
minutes during the five minutes immediately preceding the time 
for taking the general station readings. It was found that the 
currents remained practically constant as the loads were subject 
to only slight variations. 

The voltmeters and alternating current indicators employed on 
the alternator circuits are of the older types supplied by the ma- 
kers of the machinery, but the ammeters on the distributing 
mains are of the most improved Wood pattern. Wirt 
lightning arresters are used оп all the distributing circuits. 

The arrangement of the switchboard connections is such that 
it is possible to connect any one alternator to only about half of 
the distributing circuits at any one time. The changing of a cir- 
cuit from one alternator to another is effected by the manipula- 
tion of a series of double-throw switches, which when placed in 
a certain order to bring a proper load on one alternator, may pre- 
vent the completion of the combination of connections that would 
be most advantageous in loading some other machine. The re- 
strictions imposed by the switchboard have the effect at times of 
causing the operation of a dynamo which could be dispensed 
with were a thoroughly flexible system of switchboard connec- 
tions provided. The remodelling of the board would in fact 
greatly facilitate the economical operation of this portion of the 
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station, and would result in a considerable saving in the operating 
expenses. This point is well brought out in the tests made upon 
the plant. 

In this station each alternator is operated entirely indepen- ` 
dent of any other, č. e., parallel working of the machines is not 
attempted. 

Calibration оѓ Instruments.—To ensure the thorough relia- 
bility of the readings of the electrical switchboard instruments 
they were all carefully calibrated by comparing them with stan- 
dard Weston instruments obtained especially for this purpose 
direct from the Weston Electrical Instrument Company. 

The calibration of the switchboard voltineters was effected by 
connecting a standard 110-volt Weston alternating and direct cur- 
rent voltmeter, and a multiplying coil that multiplied its readings 
by 10, directly across the 1,000-volt mains and comparing its 
readings with the readings of the switchboard instrument under- 
going calibration. The switchboard instruments were not re- 
moved from their normal positions or their connections disturbed 
in the least, the variations in the voltage between the leads to 
which the instruments were attached being produced by chang. 
ing the field excitation of the respective dynamos to whieh they 
were connected. 

The calibrations of the switchboard ammeters were effected by 
employing an indirect, though perfectly successful, method. A 
large non-inductive resistance was constructed by stretching a 
quantity of No. 17 B. & S. gauge german silver wire on a num- 
ber of 12-foot boards by passing it around porcelain insulators 
screwed to the boards. These resistances were then connected 
to an old arc light switchboard so that any number of them could 
be connected either in series or in parallel as the case might re- 
quire. A switch was fixed so that the arc switchboard with the 
resistances could be short-circuited when not in use. The lead 
that connected the ammeter to be tested with its dynamo was 
disconnected and led to one side of the are switchboard just de- 
scribed. After being made to pass through the non-inductive re- 
sistance of the board, the circuit was then connected to Ше current 
terminals of a standard Weston wattmeter. From the other cur- 
rent terminal of the wattmeter the circuit was connected to the 
ammeter to be tested. The ammeter was in this way placed in 
series with the non-inductive resistance and the current coil of 
the wattmeter. The voltage terminals of the wattmeter were 
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connected as & shunt around the non-inductive resistance, and a 
standard Weston voltmeter was arranged to measure the fall of 
potential through the non-inductive resistance, 7. e., it was also 
shunted around the resistance. In this way means were provided 
for measuring the power absorbed in the resistance by the watt- 
meter, and by dividing the wattmeter reading by the reading of 
the standard voltmeter the current flowing through the resistance 
and therefore through the switchboard ammeter tested, could be 
determined. Ву varying the load on the alternators the current 
readings of the ammeters were varied over the working range of 
the respective machines, and the readings of the ammeters were 
then compared with the determinations of the true values of the 
currents made as described above. | 

The calibration tests indieated that the instruments were not 
very far out, and but a slight correction in tlie results recorded 
during the tests was necessary. The necessary correction was 
made in every case. 

Determination of Power Factors.—On transformer circuits 
the power factor is not a constant, as the inductance of the line 
varies with the number of incandescent lamps that are turned 
on. Under ordinary circumstances, however, the power factor 
for any given circuit will be very nearly a constant for any given 
load on the circuit, whatever be the distribution of the load be- 
tween the several secondary circuits supplied; it is therefore 
possible to plot a curve showing the relation of the apparent 
power to the real power for all loads for any given circuit, and 
having once obtained this curve the real power can always be 
obtained from the apparent power by reference to it. 

As the standard Weston wattmeter already referred to was 
obtained on the 4th of September, and all tests had to be com- 
pleted before the 8th of September, it was impossible to deter- 
mine the power factors for each of the circuits. It was possible 
however, to make these determinations collectively for the 
several circuits supplied by “a” and “rF” alternators during 
their all-day runs on September 6th and 7th respectively, and 
from the results so obtained a very fair estimate of the power 
factors that should be used for the tests has been arrived at. 

The power factor varies between 88.2 and 99.6 per cent., 
with the majority of the points falling at about 91 per cent. 

These results are for the day load. After carefully review- 
ing the results of both of the tests of the incandescent plant, and 
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making numerous comparisons, it was decided to nse the power 
curve for all determinations of the real power developed by the 
several alternators, between 7 A.M. and 6 P. M., and 12 P. M., 
and 7 А. M., on each day on which tests were made, but between 
6 P. M. and 12 P. M. a factor of 200 per cent. was used for all 
circuits. This course was followed, since between 6 P. M. and 
12 P. M., the load on the station is very heavy and therefore all 
the factors very high. 

Any error that mav be introduced by this procedure is slight 
at most, as the uniformity of the efficiencies obtained during the 
day and night runs plainly indicates. 


Duration oF TEsts. 


The first test began at 7 A. M. on August 31st and continued 
until 7 A. M. on September 1st. During this time measurements 
were taken, as already described, on all the machinery and boilers 
operated in the station. During the hours of the heavy load, 
between 6 P. M. and midnight, 41 men were employed in takiug 
readings. 

The second test began at 5:45 P. M. on September ist, and con- 
tinued till 5 A. M. on September 2nd. This test was made to 
determine the efficiency of engine No. 1 and boilers Nos. 6, 7 
and 8. It was made on Sunday night, because, owing to the ar- 
rangement of the steam piping and the large load on the station 
at other times during the week, the necessary adjustment of the 
boiler plant could only be effected at this time. For this test 24 
men were employed. 

The third test began at 7 A. M. on September 7th and ended at 
T A. M. on September 8th. It was carried out in all respects like 
the firet test. The maximum number of men engaged in taking 
readings at any one time on this day was 42. 

Each of the tests was thoroughly successful, and although a 
very severe storm raged during the afternoon of August 31st, 
the test made on that day was not seriously interfered with. On 
the contrary, the men showed remarkable coolness in carrying 
on their work quietly and in an orderly manner in the face of 
considerable danger. 

The plan adopted for recording the results was to take simul- 
taneous readings every 15 minutes from all the instruments, ete., 
at а signal given by blowing a steam whistle in the. engine room. 


174 GOLDSBOROUGH ON STATION TESTS [Apr. 27, 


Turk Boirken Tests. 


The Boilers :—The boiler plant of the station is composed of 
four batteries of two boilers each, and one odd boiler. They 
are all of the water tube type апа of the same general design, as 
they were built by the same company, but on aecount of having 
been placed in the station at different times, they differ some- 
what from one another in the minor details of their construction. 

The data on the dimensions and capacity of the boilers that 
are given in table 1 were obtained from the representatives of 
the Campbell and Zell Company, the makers of the boilers, and 
they have been checked up with the drawings from which the 
boilers were made and by measurements taken in the boiler 
room. 

Boiler No. 1 was the first to be placed in the station; it is a 
double boiler and is rated by the builders, as a 250 н. р. boiler. 
The present practice of the builders, as stated on page 59 of 
their catalogue, is to rate their boilers on the basis of “114 
square feet of heating surface in the water tubes alone,” per 
horse power. If this method of determining the capacity of 
boiler No. 1 is followed, its rated capacity figures out to be 186.5 
horse power. (See item 34, table 1.) 

Boilers Nos. 2, 3, 4 and 5 occupy space on the west side of the 
boiler room and form batteries 2 and 3. They were placed in 
position some time after boiler No. 1, and are of a more recent 
design. Their capacity by the original builders rating is 195 
н. P. per boiler, and on the basis of © 11.5 square feet of heating 
surface in the tubes alone,” it is 61.2 n. р. per boiler. 

Boilers Nos. 6, 7, 8 and 9 are of quite recent design. The 
builders rate them at 250 n. r. each, but their capacity figured on 
the 11.5 square feet of heating surface basis is 242.6 н. р. per 
boiler. 

Summing up we find that the total rated capacity of the boiler 
plant is 1750 н. P. or 1401.7 н. р. when figured on the 
basis of 11.5 square feet of heating surface per horse power, 
in the tubes alone. 

On the mornings of each of the days on which the tests were 
made, the fires under boilers 6, 7, 8 and 9 were burning bright, 
were clean and all the ashes had been removed from the ash pits. 

The ashes that accumulated during the 24 hours’ run were 
carefully weighed before being wet, and the fires burning at the 
end of the tests were left as nearly as possible in the same condi- 
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tion as were those which were burning when the testa began. 
In determining the moisture in the coal, samples were selected 
from the coal yard and dried. 

In determining the moisture in the coal used Aug. 31st, ac- 
count had to be taken of the fact that there was a heavy rain fall 
in the afternoon. In view of the fact however, that another dc- 
termination was made of the moisture in the coal on the next day, 


TABLE 1 
Boiler. Batteries. Batteries. 
No. т. No. 1 and No. 3. No. з and Nu. 4. 
Designation of the Boilers by the : 
Edison Elec. Illuminating Co. m No. 1. Boilers 2, 3, 4 and 5. Boilers 6, 7, 8 and д. 
1. Length of tubes...... gilet à 16’ 14’ 14’ 18’ 18’ 
2. Tubes per section. .......... 4 2 2 4 4 
3. No.of sections . 32 24 24 37 37 
4. Total No. of tubes, per boiler.. 128 48 48 148 148 
s. Diameter of tubes........ re 4 4° 4 4 4 
6. Length of water drums. . 18’ 16’ 16’ 20' 2с! 
Е No. еооевоев 4 Y 1 2 2 

3 рше: of water drums .. 18° 18° 18° 30° 30 
Q. Sq. ft. heating surface per tube, 16.752 14.658 14.658 18.846 18.846 
10. sect 67.008 29.316 29.316 73-384 73.384 
11. Total sq. ft. heating surface in 

tubes _.......... I rn 2144.3 703.58 303.58 2789.2 2789.2 
12. Sq. ft. heating surface per drum 75.74 67.34 67.34 139.72 139.72 
13. Total sq. ft пеше surface in 

drums. .... . . .... ...... 302.96 67.34 67.34 279.44 279 44 
14. Total sq. ft. ' heating surface... 2447.3 770.92 770.92 3068.6 3068.6 
15. Width of grate surface in ins. 120 47 47 оо 90 
16. Length of grate surface in ins. 78 72 72 84 84 
17. Area of grate surface in sq. ft . 65 23.52 23.52 52.5 52.5 
18. Ratio heating to grate surface. 37.65 32.77 32.77 58.43 58.43 
19. Ratio heating to super-heating 

surface ... .. . 2s ......... 
20. Super-heating surface : 
21. Length of tubes, inches ....... 156 138* 138* 177.5 177.5 
22. No. of tubes .......... ...... 16 6* 6* 12 12 
23. Diameter of tubes..... POE 4° 4* ы 4 Pid 
24. Sq. ft. heating surface per tube. 11.52 12.03* 12.03* 15.479 15.479 
25. Total heating surface sq. ft. .. 184.32 72.18* 72.18* 185.75 185.75 
26. add be one water drum sq. ft. 84.18 75.36 75.36 157.08 157.08 
37. Super- капа area one water 

drum sq. ft. ................ 9-04 8.02 8.02 17.36 17.36 
28. Total for ic drums sq. ft.. 36.16 8.02 8.02 34.72 34.72 
29. Length of steam drum, inches. 120 47 47 go go 
зо. Diam. of steam drum, inches.. 42 
31. Area of cylinder of steam drum 42% 42% 42 42 

Sq: ftare E 109.96 43-2 43-1 82.47 82.47 
32. Total super-heating surface.. 330.44 123.3 123.3 302.94 302.94 


33. Horse-power allowing 11.5 sq. 

ft. of heating surface per н. P. 

in tubes alone........ ........ 186.5 61.2 61.2 242.6 242.6 
3«. Horse-power allowing 11.5 sq. 

ft. of Heating. surface per H. P. 

in tubes and drums , 212.8 63.02 67.02 267. 267. 
35. Rated horse-power of boilers.. 250. 125. 125. 250. 250. 


*No positive data—approximated. Data is given per boiler. 


it was possible to approximate the true percentage of moisture 
for the whole test with a considerable degree of accuracy. 

The engineer’s and the assistant engineer’s reports show that 
the same firemen were on duty during the same hours on Aug. 
31 and on Sept. 7. So that the results of the two day’s tests are as 
thoroughly comparable from this stand-point as from any, other. 
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The Boiler Test of Auqust 31st:—This test began at 7 o'clock 
on the morning of August 31st and ended just 24 hours later. 
During this time the station was operated according to the usual 
daily schedule and no attempt was made to modify or better the 
usual conditions in any way. 

The log of the boiler test is exhibited graphically in Fig. 1. 
Table 2 contains the data and calculated results upon which 
the report of the boiler test given in table +, column 1, is largely 
based, and it explains the method used for determining the true 
average grate surface, heating surface and horse power rating of 
the boilers. Such a process had to be resorted to in view of the 
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Fig. 1.— Pratt Street Station, Graphical Record, Aug. 81, Sept. 1, 1895. 


fact that all of the boilers were not in service all of the time. 

All of them were in service some of the time, and some of 
them were in service all of the time. 

In view of the fact that great care was taken during the trial 
to have the coal and water supplied to the boilers in just the pro- 
portions that were necesaary to meet the demands made upon the 
boilers by the engines, it has been thought advisable to work up 
the data of the boiler trial over the portions of time during 
which certain of the boilers were in continuous service, 
in order that an estimate might be gained of the relative evapo- 
rative efliciency of the different batteries. 


1898. ] GOLDSBOROUGH ON STATION TESTS. 177 


In column 3 of table + are presented the results of the boiler 
trial between 7 A.M. and 1 P. M. on Aug. 31. During this 
time boilers 6, 7, 8 and 9 were continuously in service and 
operated alone. 


In column 5 of table 4 are presented the results of the boiler 
trial between З P. M. of August 31st and 1 A. M. of September 
let. During this time the entire boiler plant was in continuous 
service. 


In column 7 of table 4 the results of the boiler trial during the 
hours of the heavy load, between 7 P. M. and midnight of Aug. 
31 are given. 


These results, when studied in connection with those of the 
trial of Sept. 7, reveal much valuable information regarding the 
efticiency of the boilers as well as the most economical methods 
to be employed in operating the boiler plant. 

The Boiler Test of Sept. 7th.:—The boiler test of Sept. 7th 
was similar in all its details to the tests made on Aug. 31. 


The records of the test are contained in tables 3 and 4. By 
comparing the data in tables 2 and 3 it will be found that the 
boilers were cut in and out on Sept. 7, at almost the same hours 
as the same boilers were cut in and out on Aug. 31. For example 
the trials were commenced on both days with boilers 6, 7, 8 and 
9 in service; at about 2:20 P. M., boilers 1, 2, 3, 4 and 5 were 
cut in and from that time on till 1:45 A. M. of the second day 
of each test, none of the boilers were cut out. This fact has 
made it possible to report the trials in precisely the same man- 
ner. The general report for the entire 24 hours is given in 
table +, column 2. The results here recorded are based upon 
boiler log and the average square feet of grate surface, water 
heating surface and horse power rating that are given in table 3. 
The *average rated horse power" is based upon the basis of the 
builders horse power rating, and the “average real horse power? 
is determined upon the basis of 11.5 square feet of heating sur- 
face in the boiler tubes being the equivalent of one horse power. 
This explanation also applies to items 44—44.5—45 and 45.5 of 
the boiler reports. 

A report on the trial of boilers, 6, 7,8 and 9 between the 
hours of 7 А. M. and 1 P. M. of Sept. 7 is set forth in column 
4 of table 4. During this time the boilers mentioned were the 
only ones in service. 
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In column 6 of table 4 the results contained in the boiler log 
between the hours of 8 Р. М. Sept. 7, and 1 A. М, Sept. 8, are 
given in the form of a report on a test of all the boilers in the 
station operating at one time, and in column 8 a similar record ів 
reported of the economy of the plant when working under the 
heavy load that comes on the station between 7 P. M. and 
midnight. 

The graphical records of this boiler trial are presented in Fig. 
2 and for the value of the comparison the total indicated horse 
power curve is plotted, in conneetion with the curves that per- 
tain purely to the boiler tests. 
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Fig 2.—Pratt Street Station, Graphical Record, Sept. 7, 1895. 


Review or THE BoirkR Trsrs. 


As the testa and portions of tests that have been reported 
amount to nine in all, and require a table containing ten columns, 
it is necessary to refer to the tabulated quantities by numbers. 


The signification of the numbers is as follows: 


1. Number of boilers in service. 

2. Duration of trial. 

3. Boiler pressure by gauge. 
13. Temperature of steam. 
16. Temperature of feed water leaving heater. 
15.5 Temperature of feedwater entering heater. 
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17. Per cent. of moisture in coal. 

19. Per cent. of refuse in coal. 

24. Per cent. of moisture in steain. 

81. Water actually evaporated per pound of dry coal, from actual tempera- 
ture and pressure. 

92. Equivalent water evaporated per pound of dry coal, from and at 312 
degrees Fah. 

83. Equivalent water evaporated per pound of combustible from and at 212 
degrees Fah. 

85. Dry coal actually burned per sq. ft. of grate surface per hour. 

39. Water evaporated from and at 212 degrees Fah. per sq. ft. of heating 
surface per hour. 

43. Commercial horse power. 

44. Horse power by builder's rating. 

44.5 Horse power on а basis of 11.6 sq. ft. of heating surface in the tubes per 

horse power. 
45. Per cent. of item 43 below item 44. 
45.6 Per cent. of item 43 below item 44.6. 


TABLE 4. 
BOILER TEST DATA. 
o I 2 3 4 5 6 7 8 9 
7 А. М. | 7 ^. M. A.M. | 7А. М. | ЗР. M. 3 P. M. -—À — 6 P. M. 
Aug. 31,|Sept. 7 ug. 31, Sept. 7, | Aug. 31 Sept.7, | Z. P М. аа Sept. 1 
Numbe: to | to ' to to to ' to ue j^ Sept, 7, to | 
A.M. | 7 A. M. | EP. M. | Р, М. | ТА. М. I A. M. —€— TT A. M. 
dept. I. [^ 8. |Aug. ilii 7. | Sept. 1. | Sept. 8. К dh Sept. a 
" jJ Att AT | j 6, 7, 8. Morc \1,2, 3.4, 5,! 15 7, | 
1 Times. | and g. *6, 7, 8, 9. 6,7, 8,9. f and 8. | 
3 24 24 6 6 10 10 5 5 її 
7 126 134 127 136 127 135 126 135 126 
13 353 357 352 357 354 357 353 358 353 
15 200 200 207 200 205 200 206 200 191 
15.5 71.3 79.5 71.4 70.8 71.3 70.5 71.3 70.0 71.4 
17 13.8 6.2 3.1 6.2 13.8 6.26 13.8 6.26 3.1 
19 10.4 IO. 10.4 10. 10.4 IO. 10.4 то. 10.5 
24 ‚81 .97 .70 | .83 .90 1.04 .95 .91 .87 
38 7.18 7.94 8.33 5.80 7.23 6.48 7.88 7.40 10.1 
32 7.59 7.46 8.87 6.15 7.77 6.86 8.34 7.84 10.7 
33 8.32 8.29 9.90 6.83 8.77 7.62 9.31 8.7% 12.0 
35 10.4 10.6 9.53 11.6 10.8 12.2 12.5 13.8 11.4 
39 1.53 1.54 1.46 1.22 1.79 1.73 2.11 2.24 2.09 
43 655 654 515 430 900 895 1116 1158 557 
44 1359 1359 1000 1000 1750 17.50 1750 1750 750 
44.5 1168 1147 970 970 1402 14.02 1402 1402 728 
45 $1.7 $1.8 48.5 56.6 48.5 49.0 36.2 33.8 25.7 
45 5 43.8 43.9 46.9 55.2 35.7 30.1 20.5 17.5 25.4 


The quality of the coal fired to the boilers during the tests 
was only fair, and as shown in item 19, contained quite an 
amount of ash and other refuse. The coal was soft and a great 
deal of it very fine, and it crumbled to pieces under very slight 
pressure. Altogether I should say that its quality was considera- 
bly below the average of the coal that is mined at George’s 
Oreek, western Maryland, the point from which the coal in 
question was obtained. 
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Nevertheless the evaporative efficiency of the plant is very 
fair. Item 31 shows that the evaporation per pound of coal va- 
ried from 7.04 to 10.1 pounds of water under actual conditions, 
and the equivalent evaporation from and at 212? F. varied from 
8.99 to 19 pounds of water per pound of combustible as stated in 
item 33. The fluctuation in these values is due partly to the fact 
that some of the boilers are more efficient than others, but the 
most potent factor in the reduction of the economy is the іпеҝћ- 
eient loading of the plant. 

During the greater portion of the time the boilers were not 
developing 60 per cent. of their capacity based upon 11.5 square 
feet of heating surface in the tubes per horse-power, and at 
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other times they were not developing half of their capacity. 
This statement is equivalent to saying that during a considerable 
portion of the test a good share of the heat of the furnaces was 
used up in heating the iron frame work and the walls, instead of : 
being utilized in evaporating water into steam. 

To illustrate this condition of affairs more clearly, an economy 
record has been plotted in Figs 3 and 4. These plates show the 
relative amount of coal, water and square feet of heating surface 
in the boilers per indicated horse-power. The “heating surface " 
curves are the ones to which I would call your attention at pres- 
ent. It will be noticed that up to 2 o'cloek in the afternoon of 
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each day there was an average of over 22 square feet of heating 
surface in the part of boiler plant in active operation to each in- 
dicated horse-power developed by the engines. Between two 
o’clock and six o’clock, the ratio of heating surface to horse- 
power is increased to 29, and it is not until 7 P. M. that the ratio 
falls within the limits of economic operation. Between 7 P. M. 
and midnight on August 31, the boiler plant developed within 
20 per cent. of its true horse-power and as a result the economic 
evaporation went up to a very good value—9.3 pounds of water 
per pound of combustible. The same result was apparent during 
the same period on the night of September 7, and although the 
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Ета. 4.—Pratt Street Station, Economy Record, Sept. 7 and 8, 1895. 


evaporative efficiency is not apparently as high, it is well above 
the average evaporative ећсіепсу of the plant for the whole 24 
hours. In considering the results of the partial tests it must be 
borne in mind that they are not absolute. They are based on the 
assumption that the water and coal were supplied to the boilers 
in just the proportion necessary to meet the requirements of the 
load, but of course it was not possible to do this with absolute 
accuracy. For instance, the curves in Figs. 1 and 2 show that 
proportionally more coal and less water were supplied to the 
boilers on August 31 between midnight and 7 A, M., than during 
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the same hours on September 7, and the effect of this is to re- 
duce the apparent evaporative efficiency of the boilers on Sep- 
tember 7, during the periods covered by the partial reports. 
None of the partial reports take in the early morning hours. 

It is noticeable, however, that the efficiency of the boilers is 
relatively lower during the periods when the average heating 
surface per 1. н. р. is high than at other times. Between 3 P. M. 
and 1 A. M., for instance, when there is an average of about 16 
square feet of heating surface per т. H. P., the boilers only de- 
velop 64 per cent. of their capacity and only evaporate an aver- 
age of 3.19 pounds of water per pound of combustible (see item 
33). 

Some of the boilers seem from the results to be less eflicient 
than others. In bringing out this point let us compare the evap- 
orative efficiency of the “new” boilers on the east side of the 
station with that of the “old” boilers on the west side of the 
station. On September 7, between 7 A. M. and 1 P. M., the 
“new” boilers were the only onesin service. Ву item 15.5 they 
were developing only 44.8 per cent. of their capacity, but their 
evaporative efficiency per pound of combustible averaged 6.8 
pounds of water. 

On the morning of August 31, the same boilers evaporated 
9.9 pounds of water per pound of coal when loaded to only 53 
per cent. of their capacity, and on the night of the special test 
(see column 9, table 4) they evaporated an average of 
12 pounds of water per pound of combustible when working un- 
der a load of less than 75 per cent. of their capacity. These 
figures are all excellent when the conditions are taken into cou- 
sideration and indicate that the “new” boilers are highly efti- 
cient. 

Now, although the old boilers were never operated alone, and 
we have no records showing their absolute evaporative efficiency 
we can nevertheless judge of their economy very accurately by 
noting the effect they have upon the evaporative efficiency of the 
plant when they are operated in connection with the “new ” 
boilers. For instance, between 3 Р. М. and 1 A. М. of each of 
‘the 24-hour tests Ше whole plant was loaded to 64 per cent. of 
its capacity and it evaporated an average of only 8.2 pounds of 
water per pound of coal. This figure does not begin to equal the 
evaporation of the “new” boilers when operated alone, at a less 
percentage of their capacity. Again the whole plant even when 
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operated at an average of 81 per cent. of its capacity between 7 
P. M. and midnight did not reach the evaporative efficiency that 
the “new ” boilers developed on the morning of Aug. 31, and 
did not come within 17 per cent. of the evaporative efficiency of 
the “new” boilers during the special test, although they were 
more efficiently loaded. 

It seems that sufticient evidence has been produced to estab- 
lish the assertions that the evaporative efficiency of the “new” 
boilers is good, and that the evaporative efficiency of the whole 
plant is only fair. This means that there is a disturbing element 
present somewhere and the general indications are that the de- 
fect lies in the old boilers. It would not be surprising to find 
that the “old” boilers will not evaporate over 6.5 or 7 pounds 
of water per pound of coal even under the most favorable con- 
ditions of loading and when fired with the best quality of coal. 
During my stay at the plant, I several times had my attention 
ealled to the fact that great difficulty was often experienced in 
keeping up the steam pressure in the “ old” boilers, and this was 
expressly noticeable whenever the “new” boilers were cut out 
for any reason and the * old" had to be depended upon to fur- 
nish the steam supply. 

The quality of the steam evaporated by the boilers remained 
fairly constant. At no time during any of the tests however was 
the slightest trace of superheating discernible. The smallest 
percentage of moisture recorded is that at 2 P. M. on Sept. 7, 
when only .3 of one per cent. of moisture was apparent. The 
greatest percentage of moisture was recorded at 6 A. M. on 
Sept. 7, when there was 1.24 per cent. of moisture in the steam. 
On the whole however, the percentage of moisture is low and it 
is also very uniform for all loads. It may be well to note that 
the pipe condensation, as determined by collecting and weighing 
all the drainage water from the separators and steam traps, 
proved to be .505 of one per cent. of the total water actually 
evaporated on Aug. 31; .31 of one per cent. of the water 
actually evaporated on Sept. 7; and nearly .5 of one per cent. 
of the water actually evaporated during the special test. These 
figures represent to a large extent the proportion of the entrained 
water and water of condensation that was extracted from the 
steam by the separators, as most of the drainage water was taken 
from them, and it is safe to say that the separators extract fully 
10 per cent. of the moisture contained in the steam, from the 
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steam. This leaves the steam practically dry when it passes the 
separators. The average of about 2 per cent. of moisture that 
the steam in the steam pipe of engine No. 1, was found to con- 
tain on the night of the special test, was largely due to there 
being no separator between the engine and the boilers. 

The greatest amount of coal is fired to the boilers on both 
days between 7 and 8 o’clock in the evening when the fires are 
being built up for the heavy night load. At this time the coal 
is supplied at the rate of 7500 pounds per hour. On this 
account exception may be taken to the evaporative efficiencies 
determined for the boilers between 7 P. M. and midnight on the 
score that the proportion of the coal tired within this time is in 
excess of the normal requirements of the boilers. In answer to 
this I will call attention to the fact that the fires were about 
burnt out at midnight, as the coal curves of Fig. 1 and 2 both 
show that the rate of firing had to be increased immediately 
after midnight. 

The rate of combustion per square foot of grate surface con- 
forms to the practice common with boilers of this class. The 
maximum rate maintained was 13.8 pounds on September 7, 
during tlie heavy night run, and the lowest appears to have been 
on the morning of August 31, when it amounted to 9.5 pounds. 
The maximum efficiency of the boilers will probably be attained 
when the combustion averages between 12 and 13 pounds of coal 
per square foot of grate surface per hour. The rate of com- 
bustion per square foot of heating surface is also rather low and 
plainly indicates that even during the heaviest loads the limit of 
economy in this respect was not reached by 20 or 25 per cent. · 

Finally, the results of the tests demonstrate the fact that the 
daily economy of the station would be greatly improved if greater 
care were exercised in the adjustment of the capacity of the 
boilers in service to the load. Boilers Nos. 6, 7, 8 and 9 will 
easily and economically generate an actual indicated horse-power 
for every eight square feet of their heating surface. This will 
make the capacity of each boiler, relatively to the demands of 
the engines, equal to 350 н. r., and will represent a total capacity 
equivalent to 1,400 т. н. р. If the requirements of the load had 
been economically met, only boilers 6 and 7 would have been 
operated between 7 A. M. and 6 P. M. on the days of the teste ; 
between 6 and 7, boilers Nos. 3, 4, 5, 8and 9 would have been 
eut in; between 11:30 P. M. and 12:30 А. М,, boilers 3, 4 and 
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5 would have been cut out, and between 12:30 A. M. and 1A. M. 
boilers 6 and 7 would have been cut out. This would have left 
boilers 8 and 9 in service to carry the load until 5 A. M. when 
one of them could have been cut out and the other left to carry 
the Sunday load, which is always light. Such a boiler schedule 
would have entirely eliminated the necessity of operating the en- 
tire plant and would have resulted in an average economic evap- 
oration of between 11 and 12 pounds of water per pound of coal. 

This would mean a saving of between 25 and 31 per cent. of 
the coal fired into the boilere. These figures are based on the 
assumption that boilers 1, 2, 3, 4 and 5 will evaporate Ше water 
for one indicated horse-power per hour from each 11.5 square 
feet of their heating surface, and that boilers 6, 7, 8 and 9 will 
evaporate the water for an indicated horse-power per hour from 
each eight square feet of its heating surface. Under these con- 
ditions the boilers would be economically loaded and capable of 
developing their best economy in consequence. 

If we compare the actual economy of the station boiler plant 
with the results that have recently been published by the National 
Eleetric Light Association, we find that the actual evaporation 
per pound of coal is above the average, that the actual evapora- 
tion per pound of combustible is about equal to the average, and 
that the evaporation from and at 212 degrees, per pound of com- 
bustible, is a little below the average of the figures published for 
these quantities. 

This simply means that there is room for improvement, al- 
thongh it must be admitted that the coal used in the stations ex- 
eeeding the есопошу of the Pratt Street Station seems to be of 
better quality. 

During the heavy loads the economy of the boiler plant was 
above the average of tests reported, and during the ** special " 
test it exceeded everything reported by the National Electric 
Light Association. 


Notes oN THE Arc Јлонтімо MACHINERY. 


The special test of Engine No. Land Dynamos No.7 to No. 
18 :—Three tests were made upon engine No. 1 and the are light 
machinery driven by it. Two of these, the first and the last, 
were made in connection with the general station tests of Aug. 
31st and Sept. 2nd, but the second was for the special purpose 
of determining the evaporative efficiency of the newer part of 
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the boiler plant ; namely, boilers Nos. 6, 7, 8,and 9, and the steam 
consumption per indicated horse power per hour of the engine 
in question. | | 

For the special test it was decided to use boilers, Nos. 6, 7, and 
8, thus providing a total boiler capacity of 750 н. р. to meet the 
requirements of the load on the engine, which frequently 
amounted to over 700 n. r. 


The stop valves leading to engines Nos. 2, 3, 5, and 8 were 
securely closed. Suitable small tanks were provided to receive 
the water that acccumulated in the separator in the centre of the 
station and to catch the condensed steam, when it was removed 
from the various points at which it collected. The total amount 
of pipe condensation for the eleven hours’ run was 1168.9 pounds 
or 0.5 of one per cent. of all the water evaporated in the boilers. 


The report of the trial of the boilers is given in table 4, 
column 9. The performance of the boilers was very creditable. 
The evaporation of 12 pounds of water per pound of combus- 
tible from and at 212? Fah. is far above the average evaporation 
obtained in the central stations throughout the country and will 
compare favorably with the best tests yet reported upon water 
tube boilers. The average horse-power developed by the boilers 
during the test was 25.75 per cent. below the rating of the boil- 
ers, allowing 11.5 sq. ft. of heating surface in the tubes per horse- 
power. The evaporation of 12 pounds of water would therefore 
probably have been exceeded had the load upon the boilers been 
heavier, ав they are designed to admit of a considerable over- 
load. 


The quality of the steam evaporated was determined by a 
throttling calorimeter placed in the side of the east main between 
boilers No. 7 and No. 9. The results showed that at no time was 
there more than 1.07 per cent. of moisture in the steam and that 
at times this figure was reduced to 0.7 of one per cent. 


The pyrometer test of the flue gases showed that their temper- 
ature at the base of the stack, where the pyrometer was placed, 
was about the same as the temperature of the steam generated in 
the boilers. This indicates that little of the furnace heat is 
wasted, and speaks well for the design of the boiler. 

The load on the engine was practically constant at 700 н. P. 
during the earlier part of the evening, and was reduced to a value 
of about 480 н. р. during the latter part. 
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The average т. н. р. for the whole test is 553.82 н. р. and the 
average Е. H. P. is 382.6 н. P. The ratio of these would give an 
apparent efficiency of conversion of 69.04 percent. This is the 
usual method of determining such efficiencies and it gives a very 
gratifying result, when we compare it with similar results of testa 
on lighting plants of this type that have been published. The 
real average efficiency, however, is the average of tle ordinates 
of the efficiency curve which is 66.7 per cent. This isthe lowest 
value obtained on either of the three tests made upon this engine, 
а fact that is probably due to the load having been somewhat 
lighter than during the other testa. 

One object of this test, however, was to determine the 
actual water consumption of the engine. The values were ob- 
tained by dividing the pounds of water delivered to the boilers 
during each hour by the average 1. н. р. for the corresponding 
hour. The amount varies from 26.9 to 38.3 pounds, the average 
being 32.96 pounds of water per т. н. р. per hour. This value ів 
extremely high for an engine of this type. The theoretical value 
computed from the indieator cards gives an average of about 18 
pounds of water per 1. m. р. as the water consumption. If we 
add to this the percentage for internal condensation that practi- 
cal experience has shown is necessary, we find that the engine 
ought not to require over 23 pounds of water per г. н. р. and 
everything above this value is in excess of the limit of even fair 
economy. This excessive water rate is partly due to the low ra- 
tio of expansion employed, but chiefly to leakage of steam past 
the pistons of the engine. 

An examination was made of the cylinders, and the valves and 
pistons were tested for leakage. The inside of the high pressure 
cylinder was found to be quite а good deal eut all round, es- 
pecially on the left side parallel to the axis of the cylinder. 
When steam was turned on it blew past the piston uniformly all 
round, except in one place on the right side where the leakage 
was somewhat greater. "The steam chest cover was removed and 
the valve examined. The design of the valve is such that it de- 
livers steam from both sides. It seemed to be tight on its seats 
but the steam leaked through a joint in its center into the 
receiver. 

The steam chest cover and the high pressure cylinder cover 
were replaced and the low pressure cylinder head removed. The 
bottom and the sides of the low pressure cylinder half way up, 
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showed a good deal of wear, the surface of the cylinder being 
quite rough. With the crank of the high pressure piston on a 
dead center, steam was turned on. It leaked into the receiver, 
and the pressure in the receiver rose to 15 pounds gauge pressure 
in one minute, although steam was blowing past the low pressure 
piston freely all the time. 

Fifteen pounds pressure in the low pressure cylinder should 
have been sufticient to blow the piston rings out to the sides of 
the cylinder and stop the leakage past the piston had the piston, 
its fittings and the sides of the cylinder been in good condition. 
There can be no reasonable doubt but that there was leakage of 
steam past the pistons of this engine during its operation. This 
fact сап also be detected from the indicator cards. The results of 
the calorimeter tests that were made of the quality of the steam 
in the steam pipe and the receiver during the run of Sept. 1st 
and 2d, show that at 10 P. M. the steam entering the high pres- 
sure cylinder contained 1.56 per cent. of moisture, but that when 
it was discharged into the receiver it contained only 0.79 per 
cent. of moisture. About this same quality was determined for 
the steam in the receiver during the entire time of the heavy load, 
but whenever the load became lighter (500 н. р. or less), so that 
the steam expanded to about twice its initial volume in the high 
pressure cylinder, between 7 and 13 per cent. of moisture became 
apparent in the steam in the receiver. In other words the steam 
was wet when discharged from the high pressure cylinder. 
These results were obtained with a throttling calorimeter on the 
steam pipe, and a throttling and a separating calorimeter on the 
receiver, and have an important bearing upon the water con- 
sumption of the engine. 

So far nothing has been said regarding the mechanical effi- 
ciency of engine No. 1. 

The engine is directly connected to a very large line of shafting 
extending along the east side of the station a distance of 70 feet. 
This line shaft is supported on eight evenly spaced pedestal bear- 
ings, and is equipped with 12 friction clutch pulleys to which the 
dynamos are belted. | 

The average indicated friction horse power of the engine 
amounted to 54.31 н. P. with the clutches thrown on, and to 
practically the same (54.1 н. р.) with the clutches thrown off. 
These are tle lowest values of the friction load recorded, and it 
is а noticeable fact that the friction of the clutch pulleys is about 
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the same as the friction of the armatures and belts of the dyna- 
mos. It would therefore seem that although the use of friction 
clutches reduces the wear on the dynamos when they are out of 
service, they do not reduce the friction load. 

The friction cards taken on Aug. 31st indicated that the power 
absorbed in the friction of this shafting is often in excess of the 
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Fie. 5 —Engine No. 1. Dynamos Nos. 7 to 18, Sept. 7 and 8, 1895. 


figures just noted. In fact, the results of the tests made on Sept. 
lst and 7th show a difference of over 225 н. р. at times between 
the indicated horse power of the engine and the total electrical 
horse-power developed. If we allow 40 н. р. of this amount for 
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the friction of the engine alone, and the same amount for the 
friction of all the loaded dynamos, 145 н. р. or 18 per cent. of 
the power developed by the engine still remains unaccounted for, 
and since an ample allowance has been made for the engine anc. 
dynamos, it may be attributed to the friction of the shaft- 
ing. This excessive friction only occurs during the heavy loads 
of 700 1. н. P. or over. On the night of August 31st the fric- 
tion horse-power during the heavy load averages somewhat less 
than 225 n. r.; only about 150 н. р. in fact. During the lighter 
loads of 500 n. р. or less, the three tests show а very uniform 
friction loss of about 145 т. н. P. If we assume therefore that 
this engine is operated for 11 hours a day during 313 days in the 
year (which is practically the case) then there is an average total 


TABLE 5. 


DATA FROM Tests оғ Авс MACHINES. 


UP Resistance. Average Voltaye Developed. Average 
————————————| ^. electrical 
ea Regulator and А ећсіепсу. 
| Armature. | Series беја. Aug. зт. Sept. r. Sept. 7. per cent. 
7 13.63 30.81 3773 3728 3819 go.22 
8 13.2 32.42 4°97 QO. 42 
9 13.05 31.96 2957 3110 3368 88 ог 
10 13.47 30.5 2545 3387 3330 88.04 
11 30.1 2810 3801 3784 
12 12.43 29.7 3849 2970 3867 89.89 
13 13. ! 30.55 3606 3667 3896 8).72 
14 13.2 30.59 3344 3706 3142 88.8o 
5 13.05 30.8 4622 3031 3858 89.85 
16 13.11 31.09 3450 3320 3 85.22 
17 12.5 29.0t 3240 3449 3799 89.83 
18 12.51 30.4 3452 3505 3644 89.62 


friction loss of 175 н. Pr., during that time, of which 100 н. р. is 
due to the friction of the line shaft alone. 

Economy of the Are Machines.—The average commercial 
efficiencies of the dynamos for the three tests recorded show 
that an averaye greater than 76 per cent. was maintained 
each day. These percentage ratios were obtained by dividing 
the total x. н. р. by the р. н. р. of the engine and are 
therefore decreased by the friction losses of the line-shaft 
and of the dynamo belts. The true efficiencies of the 
dynamos are therefore higher than these figures would indicate, 
and although it was impossible to make any exact determination, 
the following condensations lead us to a very close approximation. 
In table 5 will be found a statement of tle average electrical 
efficiencies of the dynamos. These are determined from the 
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measurements that were made of the resistances of the armature 
and field windings of the machines and the average electrical 
horse-power developed by each machine during the three tests. 
The average of these efficiencies is 89.4 per cent., and if 5 per 
cent. is allowed for the remaining losses, we get 84 91 per cent. 
as the average commercial etticiency of the Пулатов. 

If we assume that the average yearly load upon the engine is 
606 H. P., 68 per cent. of it is delivered as electrical energy for 
distribution, about six per ceut. is absorbed in overcoming the 
friction of the engine, 10 per cent. is dissipated as heat due to 
the electrical and mechanical losses of the dynamos and 16 per 
cent. is absorbed in running the line-shaft. 

Engine No. 2, Are Machines Nos. 4,5 and 6, and the Wen- 
strom Dynamo.—The engine is of the Russell four valve type, 
and as originally designed was regulated by an automatic fly- 
wheel governor. As, however, the fly-wheel governor did not 
work satisfactorily under 125 pounds boiler pressure, it was re- 
moved and the engine equipped with a throttling governor after 
the valve gear had been somewhat modified. 

l'revious to the tests the engine was thoroughly examined. 
The cylinder was in good condition. It was found, while meas- 
uring the clearance of the cylinder heads, that the piston and 
valves leaked water, but on the other hand they proved to be 
tight to steam when it was turned on to its full force. 

During the tests a steam gnuge was placed on the steam chest 
and a throttling calorimeter connected near it. These were the 
only special arrangements made. 

The distribution of the power developed by the engine, between 
the ends of its cylinder was very nearly equal. There seemed 
however, to be a tendency to over-halance ou the head end. But 
the most striking feature in connection with this engine is the 
action of the throttling governor. The initial steam pressure 
shown by the cards and the boiler pressure are graphically ex- 
hibited iu Fig. 6. It is noticeable that although the boiler pres- 
sure is practically constant at something over 125 pounds gauge 
pressure, the steam chest pressure remains at about 35 pounds all 
during the day and falls as low as 20 pounds whenever the 1. H. P. 
of the engine falls below 50 н. р. Even when the engine is de- 
veloping 160 r. н. р. the steam chest pressure does not average 
above 50 pounds by gauge. This excessive throttling of the 
steam to from .4 to .16 of its initial pressure is very wasteful of 
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the steam pipe, and in the steam chest, showed that as high ав 
24.4 degrees superheat is developed in steam initially containing 


1.27 per cent. of entrained water. 
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In the calculations that have been made of the actual water 
consumption of the engine per indicated horse power per hour, 
the theoretical results have been assumed to be correct, owing to 
the superheated condition of the steam entering the cylinder, and 
no allowance is made for cylinder condensation. Even under 
these conditions, the water consumption is high; during the light 
loads of about 50 н. р. it amounts to 49 pounds of water and dur- 
ing the heavy loads of 153 н. r. it runs as high as 30 pounds of 
water. Had the same correction for condensation been made 
here as in the case of the other simple engines the above figures 
would have been 64 and 35 pounds of water respectively. 

The difference between the т. n. р. and the к. н. P. during the 
two days tests seem to average about 35 н. p. for ull loade above 
50 т. H. P. of the engine. This shows at once the advantage to be 
gained by keeping the engine well loaded. 

To secure high efficiency it is by all means necessary to operate 
are dynamos as near full load as possible, their efficiency at half 
load being little better than 10 per cent. and at one quarter load 
only about 50 per cent. The bearing of this fact upon the case 
in hand hecomes evident when it is known that during the day 
all the dynamos operated by this engine are loaded to less than 
one-half their normal capacity. 

Engine No. 3 and Are Dynamos Nos. 1, 9 and 3:—Upon 
examination, the equipment was found to be in good order. The 
engine proved to be sound in every particular. 

In view of the fact that this engine, one of the oldest in the 
station, isin such good condition, and that it is operated under 
low pressure superheated steam, the temperature of which is 
almost as high as the temperature of the high pressure steam in 
the steam pipe, it does not seem probable that the excessive cut- 
ting in the cylinders of some of the engines can be due either to 
grit brought over in the steam from the boilers, or to the teim- 
perature of the steam interfering in the least with the cylinder 
lubrication. It would appear rather to be due tothe fact that the 
engines referred to have not been properly designed for use with 
such high pressure steam, and that in consequence the piston 
rings bear upon the cylinders with such force that trouble ensues. 
Frequently the piston rings break, and then the weak spots in a 
cylinder suffer severely. 

Like engine No. 2, the engine under discussion is regulated by 
means of a throttling governor, and all of the peculiarities that 
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were found to be characteristic of engine No. 2 are present in 


engine No. 3, only in an intensified degree. See Fig. 7. 


During the light loads of 40 т. н.р. the water consumption 


ОТТ 

HS Re T 
HPA ATT 
_|< ЛАУ Ир 
SA 


E 
Ж Ё 
E ERI 
ёта 
ЕМ 
ИИНЕНИН: LET RE ЕЕ 
| ГУ у 
|||)?! TL: 
||| ||| 
||) р |р 
EEE СЕН 


111017 N; 
AAAA 


Fig 7.—Engine No. 3. Dynamos Nos. 1,2 and 3. Sept. 7 and 8, 1895. 


accounted for by the cards averages about 55 pounds. For the 
heavier loads requiring 125 1. н. P. or over, the water consump- 
tion by card falls off to 30 pounds. At these loads however it is 
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doubtful if the superheating is as effective in reducing cylinder 
condensation as at the lighter loads, both because the ratio of ex- 
pansion by pressures is increased, and because the throttling of 
the steam during the heavier loads is very much less. Probably 
for these loads 25 per cent. should be added to the theoretical 
value for condensation. 

The value of 42.59 pounds of water corresponds to the theoretical 
value obtained from cards showing about 70 т. н. p.; and, as dur- 
ing these loads the stem is throttled from 130 pounds to 25 
pounds by gauge, the theoretical value is assumed to be equal to 
the real value. 

The tests of the Arc Lighting Plant : —Being familiar with the 
general results of tle tests made upon the are lighting equip- 
ments considered independently of one another, it remains to give 
an account of the economic working of this machinery when con- 
sidered in the light of a single plant. To this end the results of 
tests of the three separate equipments have been summed up. 

On Aug. 815% the 1. н. р. developed by the engines did not 
amount to over 150 н. P. up to six o'clock in the evening, it then 
rose to about 975 n. р. as the night load of commercial are lamps 
and street lights came on. The total are load remained about 
constant until twelve o'clock at night, when engines 1 and 2 were 
shut down and the commercial circuits opened. After this time 
the load was carried by No. 1 engine, and it remained about con- 
stant at 475 н. P. until the early morning. The efficiency of 
conversion averages about 61 per cent. between 7 A. M. and 6 
P. M. and 12 P. M. and 5 A. M., but between 7 and 11:30 P. M. 


it averages not far from 77 per cent. 
Aug.31. Sept. 7. 


The maximum I. H. P. recorded is............... e. 999 1146 
The maximum Е. H. Р. recorded is............... ee 760 847 
The average I. Н. P. recorded is................ ... 404.8 434.8 
The average E. Н. P. recorded is ................... 284.2 296.7 
The average efficiency of conversion is ............. 66 .2¢ 61.97 


The are lighting plant record for Sept. 7 and 8, is graphically 
represented in Fig. 13. The load on Sept. 7, did not average as 
high during the day as it did during the first test, but at night 
it made up for it very handsomely. The load increased on 
engines 2 and 3 about 5:30 P. M. and when engine No. 1 was 
started at six o'clock it immediately rose to a high value. 

Eleven hundred and forty-six н. r. is just 250 н. р. in excess 
of the rated capacity of the engines, and if it had рееш evenly 
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distributed would have amounted to an overload of 27 per cent. 
The maximum electrical load was 7.6 per cent. below the rated 
capacity of the electrical machinery. On account of the load 
being light during the day, the average efficiency up to six 
o'clock .P M. is but little better than 51 per cent. and even dur- 
iug the heavy load between 6:30 P. M. and midnight the efli- 
ciency averages 4 per cent. lower than it did on the nightof Aug. 
31. During the morning run, however, when No. 1 engine was 
operated alone under an average load about 100 n. P. heavier than 
the load was during the morning of Sept. 1 the efficieney im- 
proved upon the first test about six per cent. 
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Fic. 8.—Engine No. 4, Dynamo Е. Sept. 7 and 8, 1895. 


Now the variations in the total efficiency of the are plant on 
the two days are simply due to the fact that engines No. 2 and 
No. 3 were not loaded as heavily on Sept. 7 as they were on 
Aug. 31, and consequently although the load on the entire plant 
was heavier on the second day, the inefficient operation of a part 
of the plant entirely counteracted the good effect that usually 
comes witli good loads. 

If we calculate the apparent efliciency and take the ratio of the 
average т. н. р?з. to the average к. н. р?з. we obtain a very grati- 
fying but a very deceptive result. 
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The apparent efficiency for the run of Aug. 31 is 70 per cent., 
and the apparent efticiency for the run of Sept. 7 is 68 per cent. 
A glance at the efficiency curve on Fig. 13 will immediately show 
that these results are of little value as an aid to gauging the 
average hourly efficiency of the plant. The “apparent etticiency ” 
is however, of great value in determining the daily commercial 
economy of the machinery, since it equals the ratio of the average 
hourly product of the indicated horse power and the efficiency of 
conversion, to the average indicated horse power. 

Had the entire day load been carried by engine No. 2, and had 
engine No. 3 not have been put in service until six o'clock (on 
either day,) No. 3 would have been just nicely loaded, and would 
have developed an efficiency of 75 per cent. or over. This would 
have had the result of making the all day efficiency of the plant 
about 73 per cent. on Aug. 21st and about 74 per cent. on Sept. 
Tth, instead of 66 per cent. and 61 per cent. respectively. When 
we remember that the steam economy of the plant during the 
day run would have been increased in even а greater proportion, 
the real inerease in economy to һе gained by such an arrange- 
ment becomes apparent. 


Notes ON THE INCANDESCENT Ligutina MACHINERY. 


Engine No. 4 and Alternator E.—This set consists of a simple 
horizontal high-speed Buckeye engine that is belted to a 16-pole 
Slattery alternator. 

A very important point brought out by the tests on engine No. 
4, is the necessity of having the valve of an engine properly 
adjusted. Without exception the cards from this engine showed 
that the admission of steam into the cylinder was far from free. 

Between admission and eut-off Ше steam pressure was reduced 
about 40 per cent., whereas the corresponding decrease in engine 
No. 6 was practically negligible. As the steam pipe connections 
to these engines are of the same dimensions, with the advantage 
on the part of engine No. 4 of being nearer the boilers on tlie 
same steam main, the throttling of the steam must occur in the 
valve of engine No. 4. The effect of this throttling is to increase 
the apparent water consumption of engine No. 4, as shown by tlie 
cards, 14.7 per cent. above that shown by the cards of engine 
No. 6. 

Engine №. 5 und Alternator F.—The engine runs very 
smoothly and regulates well, and the dynamo 18 во well designed 
and compounded that it needs practically noatteution. 
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The only thing to mar the perfect adjustment of the engine 
was the fact that the ratios of expansion and the 1. н P. developed 
during the test were not equalized between the cylinders. The 
ratio of expansion in the high pressure cylinder was about twice 
as great as the ratio in the low pressure cylinder. The power 
indicated in the high pressure cylinder was also much greater 
than in the low pressure cylinder. 
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Fic. 9.--Engine No. 5. Dynomo F. Sept. 7 and 8, 1895. 


During the tests, the load on the equipment required an aver- 
age of 216 1. н. р. and there were no fluctuations of long duration 
on either side of this mean value of over 12 per cent. (see Fig. 9). 
If, therefore, the valves had been properly set for 216 т. н. P., 
there would have been a gain of several per cent. in the water 
consumption economy of the engine. 

On the whole the performance of the engine was very credit- 
able. It did wot require much over 22 pounds of steam per i. н. P. 
per hour and the steam was expanded over-nine times before 
being exhausted. 
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From the measurements that were made of the resistances of 
the various windings it would appear that the full load electrical 
efficiency of this dynamo is about 95.5 per cent., including the 
exciter and the exciter circuit. At full load the alternator de- 
velops 201 E. H. P. 

The efficiency of the equipment on the basis of a full load of 
200 Е. u. P. on the dynamo, is 86.5 per cent. for the engine effi- 
ciency, 89.5 per cent. for the onamo efficiency, and 77.3 as the 
efficiency of conversion. 

Engine No. 6 and Alternator D.—The engine and rer 
that forin this equipment are counterparts of engine No. 4 and 
dynamo E. | 

The dynamo was in good mechanical running order and devel- 
oped no weak points during the testa. 

The determinations that were made ofthe “actual” water 
consumption of the engine from representative indicator 
cards, ranged between 21.39 and 26.21 pounds of initially dry 
and saturated steam per indicated horse-power per hour, and 
after а careful review of the results and the conditions governing 
the test, it has been thought safe to assume that the engine did 
not consume on an average more than 22.6 pounds of steam per 
indicated horse-power per hour. The steam was expanded over 
4.5 times, both by pressures and volumes. 

The commercial efficiency of this set seems to be better than 
that of engine No. 4 and dynamo * E." In fact there ie a differ. 
ence of about four per cent. for all loads. 

The efficiency of the engine is about 84 per cent. when the 
dynamo is fully loaded, and the efficiency of the dynamo is 88.2. 
These deductions are based upon the assumption that the full 
load efficiency of conversion of the equipment under the condi- 
tions of а constant load would be 73 per cent. 

Engine No. T and Alternators В and C—The engine is of 
the high speed cross-compound type manufactured by the Ball & 
Wood Company. Upon examination it proved to be in very 
good condition. 

The records of the power developed in the cylinders indicate 
that the division of the work between the ends of either 
of the cylinders considered by itself was very nearly 
equal, but that the division of the work between the two cylin- 
ders was very unequal. During light loads of 150 1. H. P., 73 
per cent. of the power of the engine was developed in the high 
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pressure cylinder, and during the heavy loads of about 240 1. н. P. 
60 per cent. of the total power was developed in the high pres- 
sure cylinder. Following this same proportion it appears that 
the power developed in the cylinders would be equal when the 
engine is indicating 310. n. P. 

With the engine loaded to 310 н. р. it is probable that the 
water consumption shown by the cards and the ratios of expan- 
sion of the steam in the two cylinders would be more nearly 
equal, since in this event the receiver pressure would increase and 
compression in the high pressure cylinder decrease. 
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Fic. 10.—Engine No. 6. Dynamo D. Sept. 7 and 8, 1895. 


At the time of making the tests, however, the valve setting 
was not at all adapted to the load. Cut-off in the low pressure 
cylinder and compression in the high pressure cylinder occurred 
тиер too late, and in consequence the receiver pressure ів low, 
and the low pressure piston compresses the steam to a pressure 
between 10 and 15 pounds higher than the receiver pressure. 

These things cause the water consumption shown by the cards 
to be greater in {Пе low than in the high pressure cylinder. As, 
however, by far the greater portion of the werk performed by 
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the engine is done in the у) pressure cylinder, and as the ratio 
of expansion in this cylinder is much higher and, therefore, the 
cylinder condensation proportionally greater than in the low 
pressure cylinder, the * actual water eonsumption determined 
from the high pressure cylinder cards is considered to be a fairly 
aceurate determination of the real water consumption per I. H. P. 
per hour of the engine. 
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Fig. 11.—Engine No. 7. Dynamos B and C. Sept. 7 and 8, 1895. 


Based upon these assumptions, the engine showed an economy 
of 21.5 pounds of water per 1. H. P. per hour during the tests. 

The final results of the tests (see Fig. 11.) show that the ећ- 
ciency of this equipment, in spite of the fact that it contains («o 
belted units, is very good. During the run of Aug. 31, the 
average efficiency of conversion was only 63 per cent; but this 
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was because the load on the engine was very light during а con 
siderable portion of the time, so that between 4 P. M. and 7 P. M. 
the efficiency of conversion averaged but little over 55 per cent. 
Later in the night when the load rose to 240 н. р. the efficiency 
also improved and averaged above 70 per cent. The importance 
of keeping units well loaded cannot be too strongly empha- 
sized. 

Engine No. 8 and Alternator A.—Alternator A is of the 
same size and type as Alternator F. The engine is very similar 
in its general appearance to engine No. 5, and was manufactured 
by the same company. 

Upon examination the engine cylinders were found to be very 
badly cut. The high pressure cylinder was scarred around the 
lower half in the middle, the scars beginning and ending about 
three inches from the cylinder heads. The top of the cylinder 
was smooth as it was not subjected to the same wear as the lower 
surface. 

The low pressure cylinder piston titted quite loosely also. The 
cylinder was badly cut on the right side below the horizontal 
diameter and extending past the bottom line two or three inches. 

When the crank was placed on its dead centers and steam 
turned on, it leaked past the high pressure piston a little, but 
past the piston valve into the receiver to quite an extent. During 
the tests it was found that this leakage was sufficient to modify 
the cards to a marked degree. 

The greater proportion of the power was developed in the head 
ends of the cylinders (see Fig. 12). In fact 63 per cent. of all 
the work done in the high pressure cylinder wag performed in 
the head end of that cylinder, and 56 per cent. of the work done 
in the low pressure cylinder was performed in its head end. But 
the greatest discrepancy was that due to the unbalanced distribu- 
tion of the load between the cylinders. When the engine was 
working under light loads of 1601. н. р. I found that 62 per 
cent. of the load was carried by the low pressure cylinder. Asa 
rule, it will be remembered, the high pressure cylinder carries 
the greater portion of the load during the light loads on an en- 
gine, and one would naturally expect the same thing to occur in 
the present case. As the load increases the condition of things 
ix improved very little, and when the engine is indicating between 
260 and 300 н. P., between 60 and 65 per cent. of the power is 
still developed in the low pressure cylinder. This is of course 
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wrong, and it occurs largely on account of the leakaye of the 
steam past the high pressure piston valve into the receiver. 
Under these conditions it is not surprising that the calculations 
for the water consumption of the engine should result in high 
values being obtained from the low pressure cards. Under the 
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Fia. 12.— Engine No. 8. Dynamo A. Sept. 7 and 8, 1895. 


circumstances the value of 29 pounds of water per indicated 
horse-power per hour, recorded as the average performance of the 
engine during the tests, should be regarded as a conservative 
estimate, and it is fortunate if the engine did not. make a greater 
demand upon the boilers than these figures indicate. 


206 GOLDSBOROUGH ON STATION TESTS. [Apr. 27, 


The Tests of the Ineandeseent Lighting Dlant. —We now 
come to a point where it will be interesting to discuss the tests 
that were made upon the incandescent lighting equipments col- 
lectively. It has been shown that it is possible under favorable 
conditions to operate these equipments at an average efticiency of 
conversion of 75 per cent., and it is of importance to know just 
what proportion of this figure was attained. If we take the 
average of the daily etticiencies actually attained by the several 
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equipments, we obtain 66.45 per cent. from the figures for Aug. 
31, and 69.30 per cent. from those for September 7. These 
results are hardly accurate, however, as they neglect the fact that 
all of the engines were not operated for the same length of time, 
and that the parts of the load they severally carried varied in 
amount quite as much as did the lengths of the runs. 

The correct method to be followed is to sum up the indicated 
and the electrical powers developed for the machines for each set 
of readings, and from these results caleulate the hourly efficiency 
of the incandescent plant. The average of the hourly efficiencies 
determined in this way will be the real average daily efticiency 
of conversion of the plant. 


1898.] GOLDSBOROUGH ON STATION TESTS. 207 


This method has been followed in making the determinations 
of economy that are set forth in Fig. 14. 

The load diagrams show that the incandescent load of the sta- 
tion varied about the same on both days, both as regards the 
time of the variations and their amount. It starts at 7 A. M., 
at 350 н. P. and rises gradually to 500 н. р. which it reaches 
about 6 P. M.; between 6 and 8 P. M. it rises rapidly, the crest 
of the curve being reached about 8:15 P. M. 

During the time of the maximum load about 850 1. н. r. and 
695 к. н. р. are developed, but this only lasts about an hour and 
а half, after which it rounds off gradually and finally drops to 
250 н. P. about one o'clock in the morning. From this time on 
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Fic. 14.—Load Curve for Incandescent Machines. Sept. 7 and 8, 1895. 


it remains practically constant till the end of the tests. 

On account of the greater portion of the load having been 
carried by the most efficient of the equipments, and the fact that 
all of the equipments were fairly well loaded, the efficiency of 
the plant remains very nearly constant during the 24 hours, and 
the average efficiencies are higher. than the figures mentioned 


earlier in the discussion. 
Aug. 31. Sept. 7. 


The maximum r. H. P. recorded is .............. es. 876 900 
The maximum Е. H. Р. recorded 1З.................. 598 661 
The average 1. н. P. recorded is ................... 458.0 451.0 
The average E. H. P recorded 1їв.................... 817.0 332.8 


The average elliciency of conversion is.............. 69.0 71.0 
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The average efliciency maintained on September 7 of 71. per 
cent. is very creditable when it is remembered that at times the 
load was divided between four belted equipments. It would 
seem, however, that even this result eould be improved upon if 
it were possible to distribute the load to the best advautage be- 
tween the electrical unite. 

In table 6 is given in tabulated form the results of a careful 
comparison of the actual electrical load upon the incandescent plant 
with the actual rated capacity of the electrical apparatus supply- 
ing the power, and an additional statement is given of the nearest 
approximation that could be made to the actual load without 
going «bove the rated capacity of any of the electrical units. 
The comparisons are expressed in terms of the per cent. that the 
rated power is above the power actually developed. 


TABLE 6. 
І Per cent. of the rated capacity of 
Time. Per cent. of the rated capacity оце best arrangement of d nimis 
dynamos rui ning above the load. above the load. 
August 31. September 7. August 31. September 7. 

8:30 А. М. 33 42 7 19 
12:30 P. M. 45 10 21 to 
«30 P. M бо 40 7 12 
8:30 Р.М 23 13 5 13 
12:30 A. M 25 60 25 30 
430 А.М 33 22 33 22 


In some cases the rated capacity of the machines is 60 per cent. 
higher than the load, ?. e., the rated capacity was over twice as 
great as the load ; and it never approaches it nearer than 25 per 
cent. on August 31, and 10 per cent. on September 7. The 
table shows, however, that in almost every case the conditions 
could have been greatly improved without overloading any of 
the machines, and if an allowable percentage of overloading were 
indulged in, а very much greater improvement could be made. 

If the above suggestions were carried out in practice, there 
would not be the least element of danger introduced on account 
of running the machines near the limit of their rated capacity, as 
the overloading that every good machine can stand will amply 
provide for unusually rapid changes in the load. 
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The load diagram for every day in the week should be con- 
structed and studied by the switchboard attendant, and he should 
also be informed regarding the load curves of each of the feeders 
leaving the station, in order that he may be able to make the best 
possible distribution of the load at all times. This end can, how- 
ever, only be accomplished by having a very flexible arrangement 
of the switchboard connections and having the lighting circuits 
planned out and wired so as to come within the limit of the ca- 
pacity of the various units. | 


There are some twelve incandescent circuits leaving the station, 
and it would appear that a more economical adjustment of the 
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Fie. 15.—Pratt Street Station, Load Curves. Aug. 31, and Sept. 1. 1895. 


load could be made were sufficient switchboard appliances pro- 
vided. In spite of the fact that the load on the plant never 
reached the capacity of the machines in operation, some of the 
units were nevertheless overloaded at times, and in one instance 
alternator A was overloaded over 30 per cent. for quite a while. 

It would appear from glancing over the records that engine 
No. 4 was needlessly operated for about four hours on August 
31, and that engine No. 6 was run for even a longer period on 
September 7 without apparent cause. 
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These are the things that reduce the efficiency of a plant. 
They not only increase the losses between the boilers and the en- 
gines but also the losses between the engines and the switch- 
board. 


STATION Economy. 


The Tests of the Station Lighting Plant.—As the heading 
implies, the matter that follows deals with the economy attained 
by the various equipments in the engine room, taken collectively, 
ог as if they had formed but one unit. -A log of the hours of 
starting up aud stopping the engines on the two days, upon which 
tests of the plant were made, is given below in table 7T. The data 
in the table only refer to the runs that were made by the en- 


\ 


| NA 


М 


ре 
pA 
UE 


\ 


~ 
JNBREERSEREREE 
b] 

А 


HHLEBLERLEELBEELELLLEL ИНЕШ 
re eee 
BILIILLTPENEH:SPHALILIE 
ШОИ es LLEL RIS 
ИШИНИН T 
Ё ЙЕ ЇЇ МЕЕ ШЕШШ 
CE 


ТУ 
ЕЕ ЕЕС 
TP | 


= 
a 

a 
me 
ване 

МА, 

Es] 
SED 
Ed 
RET] 
IN REI 
i E 
E н 
АДЕ 
Б ШИ 
Вах паа 
| д 
кы RES 


АЕ ИЛЕ ЕЕЕ БЫ ЕЕЕ ИНИН 
ШШШ 


EERE ANAE A GREE Sa 


E AT E 
ЕЛЕН ТШЕ EET RET TT Tt 
SBEEELBEBSERBS-JEERBERSBEEEEE 
ЕАО ВЕЕ 
КЕ ОЕ E 
EBEDBSSOSESEEOEESEZEBEESSEEE 
DSEEEPEDRESREPERSSIEHEENERREU 


# ЕЕ СЕКЕ нй 
T TER 


E d d d d TJ TTT 
EE T! 
3 4 5 


TAM P 9 о и R PM 2 з 4 S5 ө 7 8 ө 10 h 2 AM 8 


Fig. 16.-—Pratt Street Station, Load Curves. Sept. 7 and 8, 1895. 


gines for the purpose of developing electricity for the lighting 
circuits; it does not include the “friction runs.” It will be 
noticed that the schedules upon which the engines were operated 
were very much the same on both days. The only differences 
of any importance were caused by interchanging the hours of 
operating engines Nos. 7 and 8. | 

The hourly records of the total indicated and electrical power 
developed by the station machinery are given in the graphical 
records constructed on Figs. 15 and 16. It із noticeable that the 
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station load diagrams bear a strong resemblance to the load dia- 
grams of the arc lighting plant for corresponding days, and this 
is especially true of the load curve for the test of September 7. 
This is due to the fact that the differences between the day and 
night loads of the incandescent plant are not so marked as are 
those of the arc plant. The station load diagrams for the two 
days are also very much like one another, and except for the peaks 
on the curves of Sept. 7 and 8, that oecur between 7 and 8 
o'clock in the evening, the curves would practically coincide if 
plotted on the same chart. "There is also a marked similarity in 


TABLE 7. 
Hours or STARTING AND STOPPING ENGINES. 


August зі. September 7. 
No. of 
Engine. Time of : Time of Duration in Time of ‘Time of Duration in 

Starting. stopping. hours. Starting. . | stopping. hours. 
1 ѕ:5о P. M. 5:00 А. M. 11 16 5:30 P. M. 5:10 А. M. 11.67 
1 7:оо А. М. [12:05 " 17.08 700 А. M. | 1305 “ 17.08 
3 7оо " 1205 “ 17.08 оо " 13:0$ “© 17.08 
3 боо ©“ 6:0 “ 1.00 зо " 545 “ .58 
4 7500 “ 7:20 “ .33 6:45 Р. М. 1:32 “ 6.78 
4 6:50 Р. М. 10:45 Р.М 3-92 
5 7:00 А. M. | 12:55 А. М. 18.92 7:00 А. M. | 11:03 P. M. 16.05 
6 7:20 “* 10:55 “ 3.58 700 “ 1:200 — '*- 6.33 
7 2:00 P. M. 11:45 P. M. 9.75 6:3o P. M. 720 А. M. 12.50 
8 10:45 A. M. 2:00 “ 3.25 1:20 “ 12:20 “ 11.00 
8 4:25 P. M 6:55 A. M 14.50 


the efficiency curves between the hours of 9 A. M. and 12 P. M. 
The low point at which the efficieney curve of Fig. 16 begins is 
due to the light load on the are machinery at that time. The 
curve in Fig. 15 would have had the same appearance, probably, 
if the electrical readings from the arc machines No. 1, 2 and 3 
had been obtained during the first hour of the run of Aug. 31. __ 
Between 9 А. M. and 5:45 P. M. Һет. н. P. curve rises gradu- 
ally from 475 to 610 m. P. There is a noticeable drop in both the 
load and efficiency curves at noon when the are motors are shut 
down, since the efficiency of the arc plant is lowered and the 
effect is necessarily transmitted to and made apparent in the sta. 
tion curves. During the day the efficiency averages about 67 
per cent. 
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The heavy load comes on the station between 6:30 and 7 P. M. 
The load curves are rising very rapidly at this time, and the jump 
from 600 to 1800 n. r. takes place within an hour. As is to be 
expected, the efficiency of the station increases as the load comes 
on. Between 7 o'clock and midnight on Aug. 31, the load on 
the engines averages over 1700 n. р. and the efficiency of conver- 
sion fully 73 per cent. The efficiency attained on Sept. 7, 
during this period of the test averages about the same, although 
it is to be noticed that during the very height of the load, when 
the г. m. P. averages 1900 н.р. the efficiency is only about 71.5 
per cent. 

The lowering of the efticiency during the very heaviest load is 
rather peculiar. If we trace it back, we find that it comes from 
the load curves of the аге lighting plant and it can finally be 
traced to engine No. 1. At this time it will be remembered en- 
gine No. 1 indicated over 800 m. r., but an examination of 
the records shows that the equipment operated by this engine 
reaches its maximum efficiency when the engine indicates about 
700 н. р. and that for loads above this value the efficiency falls 
off. 

The greatest difference, however, between the efficiency eurves 
of the two station tests occur during the early morning. Be- 
tween 1 A. M. and 6 A. M. on Sept. 1, the load was carried by 
engines Nos. 8 and 1. Between 1 A. M. and 5 A. M. on Sept. 
8, the load was carried by engines Nos. 7 and 1; and the varia- 
tion in the efficiency is largely due to the better economy attained 
by the equipment driven by engine No. 7 relatively to that of 
the equipment driven by engine No. 8. The variation in the 
eflieieney of engine No. 1, on the two mornings is also marked, 
and No. 8 is really only about half responsible for the drop in 
the curve. 


Summing up the results, it appears that :— 


Aug. 81. Sept. 7. 


The maximum 1. Н. P. developed is... ............ 1863 1975 
The maximum Е. Н. P. developed iS.. ........... 1347 1421 
The average І. H. P. developed іѕ................. 863 885 
The average E. Н. P. developed is.... — ......... 601 629 
The average efficiency of conversion is............ 68.10 68.50 


The average efficiency attained is excellent, and shows that the 
station is operated far more etliciently than is to be expected 
when the numerous drawbacks that have to be contended with 
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are remembered. A high average efficiency means much more 
than a high “apparent” or, more properly perhaps, a high 
* commercial" efficiency. A hiyh average efficiency means that 
the plant is working economically all the time, for a low ећеіепсу 
of conversion maintained for a very few hours will play havoc with 
the average efficiency for the day. 

As an example of this it is worth while to recall the average 
efficiency of 73 per cent. maintained by engine No. 5 for a 
period of 16 hours on Sept. 7. The apparent or commercial ећ- 
ciency of this equipment was also 73 per cent. A low average 
efficiency means that the plant is working uneconomically all the 
time or very uneconomically part of the time. As an example 
of this, it is only necessary to turn to the test of the are lighting 
plant for Sept. 7. The commercial efficiency developed by this 
plant was 68.31 per cent. and the average efficiency of the plant 
was 62 per cent. 

The commercial efficiency of the station on Aug. 31, was 70 
per cent. and the commercial efficiency on Sept 7, was 71 per 
cent. These figures speak for themselves, and are values not 
often attained with the prevailing central station methods. 

Ав regards the distribution of the load on the station through- 
out {һе entire 24 hours it is interesting to note that 42 per cent. 
of the total watt-hour output of the station is developed during 
the five hours preceding midnight. The remaining 57 per cent. 
is distributed fairly evenly over the rest of the day. During the 
heavy load 8.6 per cent. of the total daily output of the station 
ia developed per hour, while during the other portions of the day 
only about 3 per cent. per hour is developed. 

The Engines and Dynamos:—A_ review of the results ob- 
tained during the tests of the machinery in the engine room will 
necessarily involve numerous comparisons. 

In table 9 a complete summary is given of the economic per- 
formance of all the equipments and of the station. 

These results have been collected from the data given in the 
reports on the several equipments, and the quantities tabulated 
are primarily based upon measurements taken from the indicator 
cards. 

In the case of engine No. 1, however, the water pon SUA 
is based upon the results of the special test made upon it on Sept. 
1, and the values given for the water economy of the station are 
deducted from the general results of the tests as follows: 


214 GOLDSBOROUGH ON STATION TESTS. [Apr. 27, 


TABLE 8. 
STATION ECONOMY. 


]tems. Aug. 31. Sept. 7. 
1. Pounds of water actually evaporated corrected for 513304 511092 
ТОБЕГЕ aseye e ei кшн каа EE ed КЕККЕ nadie 
2. Pounds water actually evaporated per hour corrected 21390 21330 
fór MOSUITC ios feo кка RE a PAIR PIC 
3. Pounds of dry coal actually fired to the boilers........ 71506 72607 
4. Pounds of dry coal actually fired to the boilers рег 2980 2485 
Вобаста а ГОСТ ОО ТЛ Г 
5. Average t. H. P. developed by engines................ 862.8 885.3 


6. Average E. н. Р. developed by dynamos............... 


7. Commercial ебїсїепсу...........................5.... 69.68 71.11 
8. Average pounds water per t. H. Р. per hour,........... 24.79 24.90 
у. Average pounds coal per 1. H. Р. рег hour............. 3.454 3.372 
10. uin. output per Ib. of coal...... ............... 150.5 157.3 


Referring to table 8, items 1 and 3 were taken from the boiler 
reports, and items 5 and 6 are the averages of the total horse- 
power records. The commercial efliciency is the ratio of the 
average E. н. P. to the average т. н. р. and it is made use of in 
deriving item 10 from item 9. In table 9 the * pounds of 
coal per 1. н. р. per hou” are obtained by dividing the “ pounds 
of water per 1. н. р. per hour” by the economic evaparation of 
the boilers. The watt-hour output is obtained from the “ coal 
per I. H. P." as stated above. 

Table 9 also contains the average results of the horse-power 
records, the average ethciencies of conversion, the commercial 
eflicieneies of all the equipments of the are and incandescent 
lighting plants and of the station. It is an interesting fact that 
a comparison of the “average” and “commercial” efticiencies 
shows in every ease whether or not there is a great variation in 
the hourly efficiency of conversion of an equipment. 

Table 9 also contains a comparison of the actual average water 
consumption per т. н. р. per hour, with the average water con- 
sumption of the engines per 1. n. P. per hour caleulated upon the 
basis of the water consumption of the engines determined from 
the indicator cards, and the per cent. of the total output of the 
station developed by the correspondingcsequipments. 
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The calculated average water consumption per 1. н. р. per hour 
for August 31 is 31.18 pounds of water which is 20.60 per cent. 
greater than the actual average water consumption. The calcu- 
lated result for September 7 is 28.66 pounds of water per I. B. P. 
per hour, which is 16 per cent. higher than the actual water con- 
sumption. 

The differences between the actual and calculated valucs are 
partly due to the fact that the water consumption of the engines 
was not constant for all loads as it is assumed to be, since thie 
water consumptions were figured from cards that showed an in- 
dicated power equal to the average indicated power of the en- 
gines. It must also be remembered that the amounts of tlie 
leakage that was present in the cylinders and valves of engines 
No. 1 and No. 8, are quantities that undoubtedly varied at times. 
The comparison is valuable since it shows that the water con- 
sumption credited to the engines is at least not too low. 

The general summary contained in the table just described 
shows that the greater part of the output of the incandescent plant 
was carried by its most efficient unite, engines 5 and 7, and that 
consequently the average commercial efficiency and water econ- 
omy of the incandescent plant are higher than the corresponding 
results for the arc plant. Although the incandescent plant de. 
veloped 52.7 per cent. of the total output of the plant, it required 
only about 42 per cent. of the total amounts of water and coal 
that were used on August 31. On September 7, owing to the 
fact that engine No. 8 was not operated for so long a time and 
engine No. 7 substituted for it, the economy of the plant is even 
better and apparently it consumed only 40 per cent. of the coal 
and water, while at the same time it developed а commercial 
efficiency of 73.8 per cent. 

The arc lighting plant necessarily, in view of what has just 
been said, suffers by comparison with the incandescent lighting 
plant. The great difference in the economy is due to the fact 
that the arc lighting equipment is working at a disadvantage from 
every point of view. Not only is the electrical efficiency of аге 
lighting dynamos lower than that of incandescent machines, but 
the additional shafting and belting necessary for their operation 
introduces still other disturbing elements. When to these things 
is added the fact that the engines themselves are relatively less 
efficient than the engines driving the incandescent machinery, it 
is not surprising that they do not make a better showing. The 
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mere fact that engine No. 1, which operates an equipment de- 


30 pounds 


, requires over 


veloping 36 per cent. of the total output 


of water регі. н. P. per hour, is sufficient to explain any differ- 


ence 1n economy. 
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The effect that the engines have upon the average water con- 
sumption of the station is very well illustrated in Figs. 3 and 4. 

In the mornings when engines 2, 3, 6 and 5 are in operation, 
the water rate averages 32 pounds of water per 1. H. р. per hour 
on August 31, and 28 pounds per т. н. P. per hour on September 
7. The difference is due to the fact that the morning load was 
lighter on September 7 than on August 31, and consequently the 
engines, especially engines 2 and 3, were relatively lees efticient. 

During the latter part of the test of August 31, the water rate 
falls to about 21.5 pounds рег r. н. р. per hour, which is a 
remarkably good showing and indieates that some of the engines, 
probably Nos. 5 and 7, were operating very efficiently. At the 
same time on September 7 the water rate is somewhat higher. 
It averages fully 22.5 pounds of water to the horsepower, and 
the difference is probably due to the fact that engine No. 1 re- 
quired more water proportionally on the latter night owing to ite 
heavier load. 

The coal economy can hardly be approximated from the eurves 
owing to the fact that they are so very irregular. If it were 
possible to have the firing done constantly and regularly it might 
then be possible to obtain more uniform results for plotting pur- 
poses, but where it is only done at intervals, * when the fires 
seem to need more coal," very regular results cannot be obtained. 

It may be interesting, in connection with this review, to esti- 
mate what maximum economy could be secured under the most 
favorable conditions which it is probable could be obtained at the 
station. 

If we assume that the boilers in service are kept loaded to their 
full capacity, they will probably develop an economic evaporation 
of 10 pounds of water per pound of coal. This figure is slightly 
less than the actual evaporation per pound of coal developed by 
boilers 6, 7 and 8 on the night of September 7. Furthermore, if 
the engines and dynamos are kept up to the point of their maxi- 
mum efficiency ; if there are no leaks in the valves or past the 
pistons of the engines, if the governors and valves are properly 
adjusted to give the most economical distribution of the steam 
between the cylinders of the engines, if the dynamos are kept in 
good order, with well balanced armatures, low resistance contacts 
‚апа sparkless commutation, and if good lubrication is maintained 
and all line shafts and а are kept properly lined up, then 
an economy such as is outlined in table 10 may, possibly be 
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secured. This table represents the high-water mark of economy 
of the station. It may be thought that the values given are 
rather extreme, and that the percentage increase represents an 
impossible gain in economy, and yet it can be demonstrated that 
there are power plants of similar апа even smaller capacity that 
are giving better results than these figures indicate. The plants 
referred to are not, however, electrie lighting plants. It must 
furthermore be remembered that a very large proportion of this 
increase, in fact 40 odd per cent. of it would be due to the 
increased economie evaporation of the boilers, and it cannot for a 
moment be questioned but that the station economy has been 
greatly improved in this direction. 


TABLE 10. 


MaxiMUM Economy. 


P Tad oe үа: eficiency of peri P. PN e hale pet podus 
conversion.| per hour. per hour. | ib of coal. output. 

i 600 420 74.0 18 1.8 307 167 
2 170 131 77.9 28 2.8 205 75 
3 135 103 76.0 30 3.0 189 51 
4 145 106 73 о 21 2.1 259 100 
5 2бо $01 77.3 19 1.9 303 76 
6 145 106 73.0 21 9.1 259 66 

270 201 75.0 19 1.9 294 63 
8 260 201 77-3 19 1.9 303 133 


In the report presented to the National Electric Light Asso- 
ciation on May 7, 1896, by its committee on data, attention is 
called to the fact that in a recent statement of the economy of the 
Chestnut Hill Pumping Station, at Boston, it was found that in 
actual water lifted, a horse-power was produced by the consump- 
tion of 1.34 pounds of coal. Assuming that the efficiency of 
pumps compares favorably with the efficiency of generators, and 
making no allowance for variation in load, one pound of anthra- 
eite coal used with the same economy in electrical work should 
produce 557 watt-hours. Although it is not to be forgotten that 
the economy reported for the pumping station was obtained 
under must favorable conditions, with dry high pressure steam 
and multiple cylinder engines, and although the relative condi- 
tions under which it and the present tests were made are not at 
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all comparable, the fact still remains that the report represents 
an economy of 400 watt-hours per pound of coal over and above 
the economy of the Pratt Street Station, or in other words it 
represents an increased economy of 255 per cent. 

Now under the conditions outlined in table 10 the station 
would develop an economy of about 300 watt-hours per pound of 
coal. This would be an increase of 91 per cent. over its present 
economy and certainly represents a result worth striving for. 

Now that we have discussed what the station could do under 
favorable conditions, let us see what it does do under actual con- 
ditions in comparison with other central stations of the coun- 
try. This side of the situation is certainly as interesting as the 
other, since it brings us into immediate touch with the commer- 
cial competitors with whom the station has to contend. 

For this purpose we cannot do better than turn again to the 
report of 1896 of the committee of the National Electric Light 
Assoctation. The information published is certainly not below 
the economy of the stations represented, as contributors would 
tend to over-rate rather than under-rate their equipments in gaug- 
ing their output ; and again, we have the statement of the com- 
mittee to the effect that although it realizes * that in the case of 
alternating currents the product of the amperes times the volts 
may not give the absolute watts, this method has been considered 
sufficiently accurate for this work.” Of course “this method” 
increases the figure for the watt-hour output above its true value. 

It is also certain that the statements contained in the report 
have been obtained from thoroughly representative plants, as 
their watt-hour per day output is too large for them to be 
otherwise. 

Referring to the data contained in the report we find that 
the Pratt Street Station stands 15th in the order of the merit of 
producing the greatest watt-hour output per pound of coal; 15th 
in & list of 82 stations represented. Of the 14 stations that give 
a better record of economy only 3 have a greater watt-hour out- 
put per day. Of all the plante represented 7 have greater watt-. 
hour outputs per day. “ The average efficiency of the 81 reports 
using coal as fuel is 108 watts-hours per pound of coal,” and the 
Pratt Street Station shows an economy of 45 per cent. in excess 
of this figure. One station, that has a watt hour per day output 
of 3207392 watt-hours, reports an economy of 237 watt-hours 
per pound of coal. The Pratt Street Station develops 65 per 
cent. of this economy. 
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The average watt-hour output of all the 14 plants that show a 
greater economy than the Pratt Street Station is 175 watt-hours 
per pound of coal, and the Pratt Street Station develops 90 per 
cent. of this economy. 

All the plants that make a better showing than the subject of 
this paper seem to be better equipped from an economie stand- 
point. 

Of the fourteen, three are equipped with triple expansion con- 
densing engines; six are equipped with compound Corliss con- 
densing engines; one is equipped with simple condensing 
Corliss, and high speed compound condensing engines belted 
direct to dynamos: three are equipped with high speed com- 
pound condensing engines belted direct to dynamos; and one 
with simple high speed condensing engines, belted direct to the 
dynamos. As regards their electrical machinery, two are 
equipped with direct connected multipolar dynamos; three are 
equipped with alternating current dynamos; one is equipped 
with bi- polar dynamos belted from jack shaft; and in the copy 
of the report that I have the others are not designated. In five 
of these plants water tube boilers are used alone; in two of them 
water tube and horizontal tubular boilers are used ; and in the 
others horizontal tubular boilers are used alone. 

It will be noted that the engines of the above mentioned 
plants are condensing, and it will be interesting now to review 
the non-condensing plants. 

Of the 82 plants reported upon, 44 of them are operated with 
non-condensing engines. Of these, a number seem to be very 
well equipped. For instance, two are reported having compound 
Corliss and high speed compound engines, water tube boilers 
and alternating current dynamos. Six others are reported as 
having high speed eompound engines, with various types of dy- 
namos and boilers, and in only one of them do the dynamos seem 
to be belted from jack-shafts. 

In speaking of the plants that are running with non-condensing 
engines, the committee makes the following comparison : 

“In engine efficiency, eight stations report the water consump- 
tion per r. н. P. The triple expansions lead in economy, report 
30 showing a consumption of 15.5 pounds, and report 3 showing 
15 pounds of water per 1. H. r.; these comparing reasonably with 
report 29, where an т. н. P. is produced by non-condensing 
engines with 26 pounds of water." 
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In the Pratt Street Station an indicated horse power is de 
veloped with 24 pounds of water. 

The committee further says: 

* Attention is called to the reports from plants running with 
non-condensing engines, in which report 26 is able to show 129 
watt-hours per pound of coal; report 32, 113 watt-hours; report 
33, 109 watt-hours; report 37, 100 watt-hours ; and report 38, 
95 watt-hours." 

The Pratt Street Station shows an economy of 151 watt-hours 
per pound of coal, and develops an economy 22 per. cent. in * 
excess Of the best showing made by the 44 plants running with 
non-condensing engines. 


A Paper presented at the roqth. Meeting оу the 
American Institute of Electrical Engineers, 
New York, April 27th, 1698, Mr. H. Ward 
Leonard im the Chair. 


A NOVEL FORM OF THERMO-ELECTRIC BATTERY. 


BY O. J. REED. 


If further proof were needed of the very high thermo-electric 
power of metals in contacts with electrolytes, a very striking and 
conclusive proof may be found in the following experiments. 

The apparatus consists of a fused mass of caustic potash or soda 
maintained at a temperature of 500? to 800? C. into which two 
conducting rods are inserted, both of the same metal and as 
nearly alike as possible in every respect except form. One of 
the rods, marked в in Figs. 1 and 2, is of cylindrical form. The 
other, marked А, is in the form of a cylinder having a deep recess 
cut or turned out near one end, leaving at the end a short 
cylindrical head attached to the rod by а very narrow stem. 

In order to obtain two pieces of metal having, as nearly as 
possible, the same molecular structure and chemical composition, 
a uniform rod of Bessemer steel 5, inch in diameter and two 
feet long, was cut in two equal parts. The severed ends which 
were originally together at the middle of the rod аге turned 
smooth and flat to form the lower or contact ends of the rode, 4 
and B, shown in Figs. 1 and 2. The head formed on the end of 
A is { inch long and the stem by which it is attached is half an 
inch long and у, inch in diameter. The two rods thus prepared 
are held parallel to each other and about } inch apart ina 
wooden clamp with their ends in the same plane at right angles 
to their axes. ! 

The rods are now inserted in a vertical position to a depth of 
4 inch into the fused caustic alkali. The surface of the fused 
alkali should come above the head of the rod, 4, but not above the 
stem, ав shown in Fig. 2. The cup used in this experiment to 
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hold the molten alkali is of sheet steel about two inches in 
diameter and three inches deep. The rods are inserted in the 
center of the cup, in order that the temperature and chemical 
composition of the mass of alkali immediately surrounding the 
rods, as well as the temperature of the air surrounding them may 
be as nearly homogeneous as possible. By these precautions all 
effects of every nature are eliminated, except such as may be due 
to the difference in temperature between the submerged ends of 
the two rods caused by their difference in ferm, which enables 
the rod, в, to get rid of its communicated heat by conduction 
more rapidly than the rod, a. The temperature of the alkali is 
maintained at about 700° C. After the rods have remained in 
the melted alkali a few minutes and the room has been darkened, 
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they are quickly withdrawn for inspection. The cylindrical 
head on the rod, a, is seen to be ata uniform bright red heat, 
while the rod, в, is only perceptibly dull red at the extreme end. 
The difference in temperature between the cylindrical head of a 
and the hottest part of в is probably not less than 100° C. The 
reason for this difference in temperature is apparent. The 
narrow 8tem of А conducts heat away very slowly, while the rod, 
B, of uniform diameter conducts away its heat with & rapidity 
many times greater. Assuming that both rode receive heat from 
the surrounding liquid initially at the same rate per unit of sur- 
face, the head of rod, 4, must become much hotter than any part 
of в, since it has а relatively larger surface of contact with the 
communicating liquid and loses its heat by conduction much 
more slowly. 
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In this arrangement we have two pieces of metal aa nearly 
alike as possible in chemical composition and molecular structure, 
subjected to the same conditions in all respects, except that the 
temperature of one at its junction with the electrolyte is higher 
than the temperature of the other at its junction with the 
electrolyte. In other words, the electrolyte has one hot and one 
cold junction with pieces of the same metal ineerted in it to the 
same depth and subjected as far as known to no other disturbing 
influences. 

This arrangement gives an electromotive force, varying with 
the temperature and constitution of the electrolyte between — 0.2 
volt and + 1 volt. The difference in temperature between the 
two junctions evidently increases with the temperature of the 
fused alkali, being zero when the temperature of the communi- 
- eating liquid is the same as that of the surrounding air. The 
difference in temperature between the junctions increases rapidly 
for a certain period from the beginning of the experiment, 
while the rod, в, is comparatively cold and capable of dissipating 
heat rapidly and while the temperature of a is rapidly rising. 
Following this will be a period, during which the difference in 
temperature between tlie junctions will diminish until both rods 
attain throughout their entire lengths the maximum temperatures 
they are capable of attaining under the conditions. 

I have previously shown ' some of the peculiar variations of 
electromotive force under changes of temperature and alterations 
in the constitution of the electrolyte, which аге exhibited in a 
cell consisting of an iron cup containing fused alkali as one 
eleetrode and an iron or other conducting rod inserted in the 
alkali as the other electrode. In that apparatus the iron cup 
imparted heat to the alkali and the alkali impurted heat to the 
rod. From this circumstance it follows that the junction of the 
electrolyte with the iron cup is necessarily hotter than the 
junction of the electrolyte with the rod. The cup, being the 
hotter of the two pieces of iron in that experiment, should act in 
the same qualitative manner as the rod, А, in the experiment 
illustrated in Fig. 2 above, a being the hotter of the two rods. 
But the difference in temperature between the two rods, a and B, 
can never be as great as the difference between that of the heated 
cup and that of the rod, s. These conclusions are entirely con- 


1 See Electrical World, July 25, 1896. 
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firmed by the experiment, the rod, 4, acting in the same manner 
as the cup, with the exception that the electromotive force 
ebtained from it is not so great. 

In attempting to explain the electromotive force developed 
between the heated cup and the inserted rod as a result of 
chemical action, some have resorted to the argument that the 
upper layers of the liquid may have an affinity for irou different 
from that of the lower layers, assuming that oxidation of iron in 
the upper layers causes reduction of iron in the lower layers and 
at the same time evolves electrical energy. The experiment with 
the two rods inserted to equal depths evidently leaves no room 
for such an argument, aside from its inherent absurdity. Asa 
matter of fact there is no evidence of the existence of any such 
layers of varying chemical composition, the entire mass being 
continually stirred up by rapid convection currents like boiling 
water. The same results are obtained even when the rods extend 
to within a millimeter of the bottom of the cup. ` I have also 
obtained an electromotive force of nearly one volt between the 
сир and an inserted iron rod when the rod actually rested on the 
bottom of the cup, metallic contact being prevented only by a 
thin film of oxide or of the electrolyte. 

Admitting that the chemical affinity between hot iron and the 
electrolyte is undoubtedly different from that between cold iron 
and the electrolyte, no energy could be evolved in any form due 
to this differential affinity, except energy derived from the heat 
of the furnace, since the existence of this differential affinity 
depends only upon the difference in temperature. To suppose 
that the electrical energy of this cell is derived from chemical 
action, involves the assumption that iron has a greater affinity 
than /ron for oxygen, or that oxygen will select and combine with 
one of two similar pieces of iron while it dissociates from the 
other, and the further assumption that such a process will evolve 
energy. If this is possible, it can be possible only because of the 
difference in.temperature, which in turn ean be maintained only 
by a constant expenditure of heat from the furnace. Otherwise 
we should have an inexhaustible source of energy. If oxygen 
can evolve energy by leaving one piece of iron and combining 
with another, it may, with equal reason, leave the second and 
re-combine with the first, evolving an equal amount of energy, 
and there would be no limit to the number of such reversals, all 
evolving energy. 
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The experiment shows that the rods, a and в, evolve electrical 
energy and exhibit a high electromotive force under circumstances 
that are identical in all respects except temperature, and that the 
action is, therefore, thermo-electric. 

The experiment may be varied by using two rods in the form 
of в. In this experiment there is no evidence of electromotive 
force when the rods are in a vertical position, so that both are 
equally heated by the electrolyte, as shown in Fig. 3. Upon 
inclining the rods so that one barely makes contact with the 
electrolyte, while the other extends about & quarter of an inch 
below the surface, as shown in Fig. 4. the rods acquire а con- 
siderable difference in temperature, which is clearly indicated to 
the eye, one being distinctly red and the other black. At the 
same time an electromotive force is developed, which in some 
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experiments has reached as high as 0.6 volt. Upon reversing the 
position of the rods, во that the hot one becomes cold and the 
cold one hot, the direction of the electromotive force slowly 
reverses. This reversal I have found may be repeated indefinitely, 
provided the other conditions of the experiment are maintained. 

Rods of carbon, copper and various other metals may be 
substituted for the iron rods, and other electrolytes substituted 
for the caustic alkali. In all cases similar results, differing only 
in degree, are obtained. Many of these results are highly 
'jnteresting and will be described later in detail. 

The changes in the constitution of the alkali hydrate, which 
take place during its gradual dehydration have not yet been 
definitely determined. It is quite certain that these changes 
have a marked effect on the thermo-electric power of the cell. 
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If any current be allowed to flow, the electrolytic action of the 
current immediately causes the formation of oxide of iron at one 
electrode and the reduction of previously existing oxide of iron 
at the other electrode. This necessarily produces a change of 
chemical composition in the electrolyte adjacent to the electrodes 
or on the surface of the electrodes themselves. 

As long as oxide of iron remains dissolved in the electrolyte 
and in contact with the electrodes in sufficient quantity to transmit 
the current, the electrolytic action will neither absorb nor evolve 
energy, since the amount of iron oxidized at one electrode will 
be equal to the amount reduced at the other. — The resistance of 
the electrolyte as a conduetor only will cause a fall of the potential 
difference on closed cireuit. If no oxide of iron is present in а 
dissolved condition in the electrolyte and if there is none on the 
surface of the hydrogen electrode available for reduction, the 
current can no longer flow without reducing some other constituent 
of the electrolyte, such as sodium or hydrogen. Ја other words, 
a counter-electromotive force or “ polarization" ensues. 

It was found by Deville! that sodium hydrate does not de- 
compose at any temperature into water and sodium oxide, but 
at about 1100? C. it decomposes into sodium, hydrogen and 
oxygen. If, therefore, a condition should ensue, in which no 
oxide of iron is available for reduction while the current continnes 
to flow and ferrie oxide continues to form at the oxygen electrode, 
the electro-chemical reaction would be 

9.Va0 H + Fe-— Fe,0,--3Na4-3 Н. 

This reaction could take place electrolytically at ordinary tem- 
peratures by the absorption of 115,000 calories, corresponding to 

115,000 __ 

659350 7 0.82 volt. Ағ 
the temperature of 500? C., at which the thermo-electromotive 
foree of the cell is about 1 volt, the reaction would absorb 
approximately 72,000 calories, corresponding to a counter- 
_ 72,000 — Qs volt 

6 x 23,240 

There is reason to believe that this condition of the electrolyte 
does actually ensue at a certain stage of the experiment when 
the circuit is closed, and under certain conditions metallic sodium 
may be evolved in considerable quantities at the inner surface of 


a counter-electromotive force of 


electromotive force of 


1 Comptes Rendus, xlv. 859. 
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the cup. The maximum quantity of iron that can be dissolved 
in the fused caustic alkali is very small, and this appears to be 
held in solution only while there is present more water than 
corresponds to the formula for the alkali hydrate. This excess 
of water is driven off very slowly, the last trace leaving only at 
a temperature above 500° C. 

Liebenow and Strasser! found that when the alkali, fused in 
an iron cup, reaches a temperature of about 550° C. after pro- 
longed heating, it undergoes a radical change in properties, 
changing color from green to dark brown and simultaneously 
absorbing heat and causing its own temperature to be temporarily 
reduced. With this change in the electrolyte the electromotive 
force undergoes a sudden change of about one volt. 

The absorption of heat and consequent reduction of tem- 
perature can be accounted for only by a chemical change in the 
electrolyte which causes the heat to become latent. Such a 
reaction may be explained on the supposition that the electrolyte 
changes at this temperature from an aqueous solution to a 
dehydrated fused electrolyte. While water is present, the iron 
probably remains in solution as ferric acid (the highest known 
oxide of iron) in combination with the alkali as potassium or . 
sodium ferrate, which in the highly concentrated solution has a 
green color if any sulphur is present. When the water which 
holds this salt in solution is finally driven out, the ferric acid, 
being insoluble in the dehydrated alkali hydrate, is decomposed 
into ferric oxide, potassic oxide and oxygen, the reaction being 

К. FeO, = K; O04 Fe,03,;430. 

The insoluble ferric oxide precipitated in the solid state by 
this reaction gives the dark brown color to the mass, which was 
observed by Liebenow and Strasser. This precipitate is found 
disseminated through the solidified hydrate on cooling. The 
dissociation of the ferric acid should be accompanied by the 
absorption of considerable heat—probably at that temperature 
about 150,000 calories. This would be sufficient to account for 
the remarkable fall of temperature, observed by Liebenow and 
Strasser to accompany the change of color from green to brown. 
A further examination of the results obtained by these 
investigators reveals the fact that this fall of temperature occurred 
only in those experiments in which either iron or nickel was 
present in the electrolyte. 

1 Zeitschrift fur Elektrochemie, Feb. 20, 1897. 
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The experiments referred to of Liebenow and Strasser are a 
series of elaborate investigations on a number of alkaline thermo- 
electric cells, the results of which are entirely in accord with the 
explanation given above, and form the basis on which that 
explanation is chiefly founded. І am unable to agree with those 
investigators, as before stated, in some of their conclusions; as, 
for instance, the conclusion that electrical energy or any other 
form of energy can be evolved from the “ passivity ” of a metal 
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or from any other property of matter, and I believe the experi- 
ments they have described do more towards disproving their own 
preoonceived theory than any experimental work that has been 
done relating to this subject. 

In those experiments the effects produced by various alterations 
of the electrolyte on the potential difference between various 
electrodes and an arbitrary “ normal electrode" were determined. . 
Simultaneous measurements of electromotive force and tem- 
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perature were made which throw much light upon the nature 
of these cells. Unfortunately no measurements were made to 
determine at the same time the difference of temperature between 
the various electrodes. 

The relation between the temperature of the electrolyte and 
the electromotive force of the carbon-caustic-potash cell, as 
indicated by the results of Liebenow and Strasser, is well 
illustrated in the curves shown in Fig.5. In this diagram the 
abscissa represents the time measured from the beginning of the 
experiment, and the corresponding ordinate of the dotted line 
represents the temperature, while the ordinate of the full line 
represents the simultaneous difference of potential between the 
carbon rod and the “ normal electrode.” Liebenow and Strasser 
apparently failed to see the relation between the curves of tem- 
perature and electromotive force, simply because the direction 
of this electromotive force happened to be opposite to that which 
they had been arbitrarily measuring as increasing towards the 
top of the diagram. They, therefore, measured electromotive 
force downwards and the corresponding temperatures upwards 
and obtained the diagram shown in Fig. 6, which is not quite so 
easily interpreted. They apparently failed to get any meaning 
from it, merely remarking that it did not agree with the formula 
they had empirically deduced. 

When the intensity of the electromotivé force is compared 
directly with the temperature, instead of inversely, the relation 
becomes apparent, as shown in Fig 5. In this particular case 
the diagram shows decidedly that the electromotive force in- 
creases and decreases with the temperature of the electrolyte. 
From the nature and arrangement of the apparatus we know that 
the difference of temperature between the electrolyte and the 
rod will also increase and decrease with the temperature of the 
electrolyte. This dependence of electromotive force upon 
difference of temperature is shown in nearly all the diagrams of 
Liebenow and Strasser, when the electromotive force, whether 
positive or negative, is measured in the same direction as the 
temperature. And it must be so measured in order to make a 
direct comparison. The polarity or direction of the electro- 
motive force has no particular bearing on the relation between 
its intensity and variations in temperature, but is dependent 
merely on the accidental position of the neutral point on the 
thermo-electric diagram. 
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When any thermo-electric couple is heated up from a very low 
to a very high temperature without any great change in the 
difference of temperature between the hot and cold junctions, 
the electromotive force will diminish with increase of temperature 
until the neutral point is reached, where it will become zero and 
change sign. From that point it will increase with the tem- 
perature if the difference in temperature between the junctions 
does not diminish. 


Cup broke 


In the case shown in Fig. 5 it is evident that the electromotive 
force does not: change sign. This means only that in this 
particular case (carbon-caustic-potash junction) the neutral point, 
if there be any, lies outside of the range of temperatures 
employed in this experiment, that is, the neutral point does not 
lie between 260° and 850° C. 

When these facts are all taken into account the results obtained ` 
by Liebenow and Strasser, as far as they go, show that the 
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electromotive force was produced by and depended upon the 
difference of temperature between the rod and the electrolyte, 
except in those cases where they purposely introduced disturbing 
elements. In such cases they do not describe the details of their 
apparatus and modus operand: sufficiently to enable us to judge 
what effect upon the temperature of various parts of the apparatus 
may have been produced by the various gases they introduced 
in some of their experiments and by closing the crucible with а 
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eover, which would naturally tend to keep the temperature of 
the rod and that of the electrolyte more nearly alike at the point 
of contact. 

The experiment with the carbon rod and caustic potash was 
varied by Liebenow and Strasser by substituting for the nickel 
cup used in Fig. 5, in one case a carbon and in another case an 
iron cup. The results are exhibited (by inverting the curves of 
Liebenow and Strasser) in Figs. 7 and 5 respectively, which agree 
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with Fig. 5 in showing that the curve of electromotive force in 
the carbon-caustic-potash couple follows in general the curve of 
temperature, and that the neutral point of this couple does not 
lie between 200° and 700° C. 

A second group of most instructive experiments with metal 
rods substituted for the carbon rod (the results of which are 
exhibited in Figs. 9, 10, 11 and 12) demonstrate in an equally 
convincing manner that a change in the temperature of the 
electrolyte produces a corresponding change in the electromotive 
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force. These curves were also inverted on the temperature 
curves in the diagrams of Liebenow and Strasser. In Fig. 9, 
showing the result when a nickel rod and cup are used, there 
are no less than eight well marked points of flexure in the 
temperature curve, each corresponding to а similar point in the 
curve of electromotive force. Fig. 11 differs from Fig. 10 only 
in the substitution of caustic soda for caustic potash. 

An examination of these four curves shows some very instruc- 
tive coincidences, among which are the following : 
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1. The electromotive force increases with increasing tem- 
perature from the beginning of the experiment up to the moment 
the brown color of the electrolyte appears, indicating a chemical 
change and probably a condition of dehydration. This change 

‚ was not marked in Fig. 11 by Liebenow and Strasser, but the 
curves of electromotive force and temperature both show that it 
must have occurred at the end of 26 minutes. 

2. When this point is reached there is a sudden and very 
great change in electromotive force. 


3. Simultaneous with this change of electromotive force and 
change of color, an absorption of heat occurs in the electrolyte, 
which causes a sudden reduction of its temperature. In Fig. 11 
this reduction of temperature is indicated only by a flattened 
portion of the temperature curve. This reduction in the tem- 
perature of the electrolyte would necessarily greatly reduce the 
difference between its temperature and that of the metallic rod 
to which it communicates heat. It is conceivable that in some 
cases, where the absorption is very marked and sudden, heat 
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may actually flow back from the rod to the electrolyte. This 
sudden reduction in the temperature of the electrolyte accounts 
satisfactorily for the change of electromotive force accompany- 
ing it. 

4. From this point to the end of the experiment the curve of 
electroinotive force follows in general the temperature curve. 

In all cases except that of silver, Fig. 12, the temperature at 
which the sudden change occurs, lies between 524° and 580° С. 
The more rapidly the heat is applied, the higher is the temper- 


700° 


е: 
c 
o 


p 

= 

= 
с 


i 


| ч 
XN 
| NEN 
Е 
с 


c 
2 3 
o 
5 
" о 
om) ; 300 
/ c 
E. ME 3 
/ = i р 
/ : б 
/ o d 
С XX) 
l O 
N Li 
` i к 
\ / 
sj у M: nutes 
LJ 0 yo [] 


Fic. 12. 


ature at which this change occurs and the more nearly vertical 
is the curve of electromotive force at that point. In Fig. 9 the 
dehydration point was reached in abont 23 minutes and the tem- 
perature attained before the change was 580^. In Fig. 11 the 
time was about 26 minutes and the temperature attained 570°. 
In Fig. 10 the time was 40 minutes and the temperature 524.? 
In Fig. 12 the time was 50 minutes, the temperature 460°, 
and no reduction of temperature was observed to uccompany the 
change of color. This may be accounted foron the supposition 
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that, owing to the slowness of the reaction in this case the con- 
tinuous application of external heat was sufficient to prevent an 
actual fall of temperature. 

In Fig. 13 the conditions were the same as those of Fig. 12, 
excepting that a silver cup was substituted for the iron cup and, 
consequently, there was no iron present in the electrolyte. The 
marked irregularities in the curve of electromotive force shown 
in Fig. 13 are to be expected from the high thermal conductivity 
of the silver cup and rod, which makes the apparatus very 
sensitive to fluctuations in the source of heat. The absence of 
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any indication of chemical change or change of color in the 
electrolyte or of any corresponding absorption of heat or change 
of electromotive force is accounted for by the fact that there is 
no iron or nickel in the solution and that the dehydration is 
accomplished without any chemical change due to the presence 
of impurities. 

Figs. 14 and 15 show the result of substituting for the normal 
electrode in Figs. 8 and 6 respectively, rods of iron and nickel. 
The effect of this change was to remove the arbitrary zero of 
potential established by the introduction of the normal electrode 


238 REED ON THERMO-ELECTRIC BATTERY. (Apr. 27, 


and to transfer the neutral point, at which the electromotive 
force changes sign, toa position within the diagram. The neutral 
point on these diagrams corresponds to the temperature of 
555° + 5°, coinciding with the temperature at which the chemical : 
change and the absorption of heat occur. These curves are not 
inverted, but are copied without change from the curves given 
by Liebenow and Strasser. 


In Figs. 16 and 17 the results are further complicated by the 


1.0 Rr EAD i 
Fe-KOH-C, | je cup. 
| | | 


T 
© e 
lor turns | 
Сора i od. 
У 
\ 
& -t 
ux = 
4 el 


2 

- – - 
m 

3 


: ‚| | 


ЖЕНЕ 


© 
© 
3 


Anne 


~ 


L 
| 
E 


~ е 


tnp 
| E 
| 
ЕЕ 
+ 
ы 
2 


= 


~ 

- 

bj 
SS бшшш 


MN 
Е 
не 


“Minutes: 


"T | 
M^ "EE 


Fic. 14. 


use of various disturbing influences. The most important change 
introduced in these experiments was to close the cup with a 
practically air-tight cover, through which a carbon and an iron 
rod were inserted. This entirely prevented the circulation of 
air over the surface of the electrolyte and around the lower ends 
of the rods. The temperature of such a closed chamber above 
the electrolyte would be only slightly less than that of the 
electrolyte itself after the apparatus had become thoroughly 
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heated. The lower ends of the carbon and iron rods, being sur- 
rounded by an atmosphere nearly as hot as the electrolyte, would 
have little difference in temperature at their surfaces of contact 
with the electrolyte, nothwithstanding their great difference in 
conductivity. Such an arrangement would result in a very much 
lower electromotive force. Liebenow and Strasser reported no 
experiments under exactly these conditions, but gave in Figs. 16 
and 17 the results obtained by various moditications of these 
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conditions, viz., by passing through the closed chamber various 
gases. | 

Unfortunately sufficient attention was not given to the details 
of these experiments to enable us to decide to what extent, if 
any, the results were due to the chemical action of the gases in- 
troduced, and to what extent they were due to their cooling 
effect. If the air and all the various gases were passed through 
the closed chamber at the same temperature and. all with the 
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same velocity, the only difference in their cooling effects would 


These 


be that due to the differences in their specific heats. 
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could not be very great and would probably be negligible. If, 
on the other hand, the gases were passed through the cell with 
greatly varying velocities, their cooling effects, particularly on 
the iron rod, would be very different. 

Fig. 16 shows the result obtained by passing illuminating gas 
through the cell for four hours and ten minutes, then replacing 
it by air. At the end of the first hour the temperature and the 
electromotive force became practically constant and remained во 
until the change was made from illuminating gas to air. When 
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this change was made there was a noticeable, though not great 
fall in the temperature of the electrolyte, a corresponding change 
in the electromotive force of both the carbon and the iron as 
compared with the normal electrode, thechange in the iron being 
very great. These curves, which are also the inverted curves of 
Liebenow and Strasser, are seen to follow the temperature curve 
in exactly the same manner as the curves of carbon and iron 
shown in Figs. 5 to 19. 

In the absence of any statement to the contrary- by Liebenow 
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and Strasser the inference is reasonable that the air forced 
through the cell was in а large or unlimited quantity, while the 
flow of the combustible gases was adjusted to make the issuing 
jet burn with as small a flame as possible. If such were the 
case, the cooling effect of the air on the rods could not fail to 
produce the result shown in Fig. 16. The same explanation ap- 
plies with equal force to the results shown in Fig. 17, in which 
various gases were suecessively passed through the cell. There 
is no doubt that the results are also complicated by various 
chemical changes resulting from the gases introduced. The in- 
troduction of pure oxygen, for example, in contact with the red- 
hot carbon would certainly result in a vigorous combustion of 
the carbon, which would tend to increase its temperature even 
above that of the electrolyte and augment the effect shown in 
Fig. 17. But the lack of more detailed information concerning 
these experiments makes it useless to speculate further. 


Discussion. 


Mr. Epwaxrp P. Тномрвом :—I have been considering whether 
the proposition Mr. Reed has put before us has been strengthened 
by him by a variety of experiments. As I understand from his 
remarks, the electromotive force is due to the difference of 
temperature between the two electrodes. I was thinking that if 
that is what he considers it to be due to, it ought to be proved 
not merely by one experiment, but by several, —that is, several 
kinds of experiments. He arranges two clectrodes so that one 
becomes hotter than the other by the heated electrolyte, and of 
course, in that case, there is not such & very great difference of 
temperature. I should think that he might obtain a great differ- 
ence by some outside means. For example, suppose he should 
heat the electrode А by an outside furnace, so as to get it to а 
great deal higher temperature, and then insert it, and see whether 
the eleetromotive force has increased ; or reverse the experiment 
by heating the electrode B, so that it is about as hot as electrode 
A, and see whether the electromotive force is zero. I am inclined 
to agree with Mr. Reed’s presentation, but at the same time more 
than one kind of experiment should be in evidence. 

It might be d bi although not on very solid grounds, that 
the reason why there is an electromotive force, is because there 
is less surface on one electrode than there is on the other. Now 
in Fig. 3, the two surfaces are equal, and there is no eleetromotive 
force. In Fig. 4 again the two surfaces are unequal and there is 
an electromotive force; so that а person, merely as a matter of 
argument, could say that the relative amounts of surface of the 
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two electrodes might have something to do with the production 
of current, although I do not think that he could uphold his 
argument. | 

Referring again to my first point, I would like to ask the 
author whether he has caused one of the electrodes like that in 
Fig. 3 to be heated to a great deal higher temperature by some 
outsede source, for instance, by putting it into a furnace and then 
dipping it into the electrolyte; or it could be heated while it is 
in there by some convenient arrangement. It seems to me that 
the matter ought to be proved more conclusively by a variety of 
Sp 

к. KeED:—Those experiments have been tried, and I was 
going to try this evening the experimentof reversing the electrodes 
to show that the electromotive force is brought to zero and re- 
versed. Then in regard to the surfaces, in Fig. 3 the surfaces of 
contact are equal. If we incline the rods in the position of Fig. 
4 both rods will still be wet with the electrolyte as before. The 
same amount of surface would still be in contact with the elec- 
trolyte in both esses, although part of it may be in a thin layer 
on one electrode. However, it seems to me that if we are to 
argue that the electromotive force can be caused by exposing two 
similar electrodes to contact of a single electrolyte, if we can 
suppose that the electromotive force is caused by merelv a differ- 
ence in the surfaces in contact with the electrolyte, then we 
could get an electromotive force by usiug any electrolyte, insert- 
ing two pieces of iron of different sizes, or two pieces of zinc. It 
seems to me we could try innumerable experiments of that kind, 
and | guess they have been tried to the satisfaction of every one 
who has tried to get energy in that way. We certainly could not 
get electrical energy by inserting two pieces of zine or anything 
else into an electrolyte, simply by inserting one to a greater depth 
or giving it a greater contact of surface. If we could, that would 
be a сор way of getting energy. Ido not know whether that 
answers the question. | 

Mr. THompson :—That was merely a superficial argument. I 
did not believe in it at all myself; only I said it was an argument 
a person could present. But the principal one, is whether you 
have heated one electrode from an outside source to a great deal 
higher temperature than that of the other and whether you 
obtained better results. 

Mr. Reep:—Yes; І have tried a great many experiments of 
that kind which were entirely satisfactory. I did not think it 
was worth while to take the time of the 1мвтітотЕ to enumerate 
them all in this paper, and I tried a great many different elec- 
trolytes and other substances besides iron. I will say that this 
question of the thermo-electromotive force of a metal in contact 
with an electrolyte has been investigated by quite a number of 
observers. Nearly twenty years ago Bouty made some experi- 
ments to determine the electromotive force of contact. between 
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electrodes and electrolytes (see Fig. 18). Bouty took two test 
tubes filled with an electrolyte; sulphate of zinc was one elec. 
trolyte on which he experimented ; then connected them with а 
small tube filled with the same solution, inserted a thermometer 
into each and aleo a piece of amalgamated zinc. Then he sur- 
rounded one of the tubes with water, maintained at zero or some 
fixed temperature? and the other with water which he kept at a 
different temperature. In that way he determined the electro- 
motive force between the two pieces of zinc inserted in the zinc 
sulphate. one piece being at a different temperature from the 
other. Ile determined this electromotive force with reference 
to a number of electrolytes. The same thing was done later by 
Chroustchoff and Sitnikoff and also by Carhart. They all found 
that the results agreed with the formula for the relation between 
the electromotive force and the chemical energy of the reaction 
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between the electrolyte апа the electrode, plus or minus the 
thermo-electromotive force of the circuit which IIelmholtz showed 
to he equal ¢ Ий 
dt 
differential coefficient of the thermo-electromotive ‘force with 
respect to the temperature. ‘The results all agree in showing 
this formula to be correct; but they all claim that this thermo- 
electromotive force was due entirely to the Peltier effect; that іх; 
due to the electromotive force of contact between the electrode 
and the electrolyte, and I think none of their experiments proved 
that. Their experiments merely showed the thermo-electromotive 
force. They did not show that it was due to the Peltier effect 
alone. In reality you will see that what they determined was the 
thermo-electromotive force of the entire circuit composed of two 
conductors. one being the electrolyte, and the other being a 


; that is, the absolute temperature into the first 
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metal interrupted at one point, one point, н, of the circuit being 
heated and one point, c, being cold. There is nothing in their 
experiments to show that that electromotive force was due to the 
Peltier effect alone. If we simply take the figures they give and 
that arrangement it would indicate rather that it was due to the 
sum of the Thomson and Peltier effects. ‘They made no measure- 
ments to determine the difference of temperature between the 
electrode and electrolyte. It is evident that the electrodes would 
have nearly the same temperature as the electrolyte in each case. 

Mr. С. О. Млплоох :—1 am interested to know if among the 
electrolytes Mr. Reed has used he has tried any of the metals 
melting at a low temperature, such as fusible alloys, and even 
lead which could be retained fluid at the temperatures at which 
he has been working. If the function of the fluid is merely that 
of disseminating heat, it is improper to term it and treat it as an 
electrolyte; it is more a menstrum for the conveyance of heat. 
In that case, by the use of a metal instead of a liquid, he would 
avoid the phenomenon of polarization, because the only effect 
which could take placeat the points of contact by the passage of 
current would be the Peltier phenomenon, which, while it would 
introduce an electromotive force, would be of opposite polarity 
at the two electrodes, and therefore would have no effect upon 
the resultant electromotive force. 

Mr. Reev:—The question which has been in dispute, and 
which I attempted to determine by these experiments, was the fact 
that there is a high electromotive force, or thermo-electric power, 
I should say, between the fused electrolytes and solid conductors 
in contact with them. I did not know that there was any question 
about there being a thermo-electromotive force between metals 
in contact. 

Mr. Mairroux:— Perhaps I did not make myself sufficiently 
clear. I meant to say that if we were to substitute for the fluid, 
lead in а molten state at a temperature from 300 to 350? C, or at 
some temperature which is just below its evaporation or volatili- 
zation point (the melting point of lead being about 330? C.) and 
if at that temperature, under those conditions, we obtained 
practically the same electromotive force for the same difference 
of temperature between the electrodes,—that, it seems to me, 
would show conclusively, that the phenomenon was due entirely 
to difference of temperature, and that the term electrolyte was 
not applicable, and that the liquid was merely a convenient sub- 
stance for disseminating or conveying heat. It seems to me that 
an experiment of that character would strengthen the position 
taken by Mr. Reed, if the results thereof showed that the electro- 
motive force obtained was still a function of the difference of 
temperatures, the liquid substance merely serving as a means for 
the conveyance of heat and at the same time ag a conductor. 

Mr. Reen :—I do not think there is any question about there 
being thermo-electromotive force in circuits composed; wholly 
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of metals. I consider that that question has been settled by the 
work of Kelvin, Tate and others a good many years ago. 

Mr. Maittovux:—Would the electromotive force be the 
same f 

Mr. Reen :— No, very different. That is just the point which 
I originally noticed and which seemed to me a curious phenomenon 
and which induced me to investigate this subject further. I 
noticed that the electromotive force between the electrolyte and 
metals in contact was very much higher, in most cases hundreds 
of times as high as what we could obtain from a thermo-electric 
battery or junction consisting of metals. For instance, the 
thermo-electric power of any two metals is only a few millionths 
of a volt per degree centigrade; whereas with the electrolytes it 
is all the way from ten to a hundred times, or three or four hun- 
dred times ав much. Опе of the first experiments which I 
observed in that connection was with two pieces of copper con- 
taining a thin film of copper oxide between them. They were 
placed in contact (two pieces of copper wire, for example), one | 
of them may be heated only say one hundred degrees hotter 
{һап the other to get an electromotive force on nearly half a 
volt, as long as there is copper oxide between them. But as soon as 
the copper oxide is reduced by the passage of the current, or in 
any other way, and metallic contact occurs, the electromotive 
force drops so that you could not measure it with a voltmeter of 
this kind. In other words,.if we take two pieces of metal 
in actual contact and heat one of them hotter than the other and 
get as great a difference in temperature as possible, we get а 
result whieh is not anythiug like what we get in the case of an 
electrolyte. І до not know whether that answers your question 
or not. 

Mr. Marrrovux:—It answers it partly. The principal object 
of my question was to know whether if you were to substitute 
Jead for the caustic potash there, the electromotive force would 
be approximately the same or not. 

Мк. Reep:—Nothing like it. We have two pieces of iron 
here, and merely maintaining those two pieces of iron at slightly 
different temperatures and having them connected by melted lead 
would give us only а very small electromotive force; it would 
be the thermo-electromotive force of iron against lead. 

Mr. Maittovx :— What I mean is to repeat the experiment as 
shown in your Figure 2, using lead m of caustic soda. 

Mr. Reen:—You would not get any electromotive force to 
speak of. | 

Mr. Marrroux :— You still get the same difference of tempera- 
ture between two rods, owing to the difference at which the heat 
would be dieseminated. One wonld be imbedded. You would 
have exactly tbe same condition as far as heat distribution is 
concerned. 

Mr. Кккэ:—БВи you would not get the same electromotive 
force. 
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Mr. Mairrovx:—Then it is not altogether the difference of 
temperature that produces the electromotive force. "That is the 
point on which I wished more light. 

Мк. Reep:—It ів a different kind of junction. The thermo- 
electric power of a couple consisting of an electrolyte and a 
metallic conductor is very different from the thermo-electric 
power of a junction consisting of two metals. 

Now I will ask Mr. Mailloux if he will be kind enough to 
come and read the voltmeter, which is the only instrument | 
have here convenient, to take these measurements. The liquid 
is now approaching redness. 

Тнк Cuarrman:—I should like to ask Mr. Reed what varia- 
tions he found with different electrolytes. Is the difference very 
pronounced ¢ | 

Мк. Reen :— Very pronounced. In electrolytes which consist 
of aqueous eolutions, such as those experimented upon by the 
investigators I have already mentioned, the thermo-electric power 
seems to be very small. In the fused electrolytes, which seem 
to havethe very high thermo-electromotive force, it may be due to 
the fact that they are capable of being maintained at very much 
higher temperatures. | 

1 am afraid this heat will not be enough to dehydrate the 
liquid. I cannot get it hot enough to show in this light any 
‚ difference of temperature between the two rods as indicated by 
their appearance. In fact I have not got it hot enough yet to 
actually fuse the electrolyte around those rods. 

Тнк CnargMAN:—Wliat voltage did that show ¢ 

Мк. MairLovx :—T wo one-hundredths. 

Тнк Caarrman :—What voltage did you expect, Mr. Reed, if 
you got the full heat? 

Mr. Rreep:—If you get the full heat and get it rapidly you 
get about nine-tenths of a volt. 

Mr. Млплосх :—It jumps to about two-tenths. [Position of 
rods now reversed.] It reverses now to about four one-hun- 
dredths. | 

Tue СнАтвмАн :—Those rods are similar, are they, Мт. Reed ! 

Mr. Reep:—Yes, sir. We now reverse them again. 

Mr. MairLroux:-—lt comes back to zero. Now it is at zero, 
passes zero. It is now about .04, .06, .1, about .2, .18--раск to 
zero. 

Мк. Regp:—-I think that is as much as we can get with this 
source of heat. In order to show this successfully the source of 
heat must be such as we can control to get any temperature needed. 
In making experiments, with the voltmeter in circuit, of course 
we have a battery on closed circuit. While there would only be 
one or two milliamperes flowing through this instrument, we 
must remember that the battery has a very small surface, and 
considering the surface it is a large current. In similar experi- 
ments after leaving the voltmeter switch closed some, time the 
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solid cylindrical rod appeared after washing, to be of a dark blue 
color, due to the presence of reduced iron, while the head of the 
other rod is covered with spots of a bright red color, evidently 
ferric oxide. That result, of course, would be due to the passage 
of the current which would oxidize this electrode, and reduce 
iron upon the other. In order to get satisfactory results, we 
must have heat enough so that the electrolyte will act to а con- 
siderable extent upon the iron cup and dissolve a sufficient amount 
vf iron in the solution to allow the current to pass without 
polarization with this instrument. lam sorry to вау that I am 
not able to get heat enough. The pressure of the gas here is 
much less than where I have been experimenting. I will try this 
once more. [Changing position of lamp]. It may be a little 
hotter. 

Mr. MaiLrovx :—It is .04--about .06. 

Mr. Geo. F. Arwoon:—-I would like to ask Mr. Reed if the 
electrolyte undergoes any change with the continuous discharge 
of current. 

Mr. Keep :--Certainly. The slightest current must produce a 
chemical change 

Mr. Atwoop:--I meant to ask if the electrolyte loses power 
and becomes weakened and has to be replenished. 

Mr. Кккр:--Үеѕв. As soon as the iron or other impurities 
capable of undergoing oxidation and reduction are entirely gone 
from the electrolyte, then no further current can pass without the 
reduction of some other constituent of the electrolyte, such as 
sodium or hydrogen. They would be the only two present 
capable of reduction, and that reduction requires the absorption 
of considerable energy. In other words, it would act as a counter- 
electromotive force or polarization. Does that not answer the 
question / 

Mr. Arwoop :—Yes sir; that is the point. 

Mr. Ккер :-- Же аге not able here to get heat enough to bring 
the electrolyte up to the proper condition. If you will turn in 
the paper to Figs. 10 and 11 you will see that the change in 
electromotive force is only a few hundredths of a volt until the 
temperature reaches in the neighborhood of 550°, and we have 
not got any where near that temperature here. At that temperature 
there was a sudden change, the direction of the current reversed ; 
that was at the end of forty minutes in that experiment. (Fig. 
l0). You: will see the line where it says “ color turns brown.” 
The temperature there is nearly 540°, and at that point this 
change takes place in the electrolyte, and the electromotive furce 
then reverses and goes up very rapidly. In our experiment here 
we did not not vet to the temperature at which the electromotive 
force reverses. The same thing is shown in Figs. 11 and 17. 

Mr. J. P. Winrringuam :— The remarkable thing about these 
diagrams seems to me to be the very large change of electro- 
motive force for small changes of temperature. Lut of course it 
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is the difference of temperature of the two rods which is the 
governing factor and not the absolute temperature of the тава. 

In the first two diagrams, 5 and 6, the electromotive forces 
follow the temperature very closely, and then in the others and 
in the following diagrams they vary widely from it. 

I suppose that is due to the change of ilie electrolyte with the 
brown color, aud that the thermo-eleetrie force due to the electro- 
lyte previously and after that is very different. I was wondering 
if one electrode was introduced first and allowed to heat and then 
the other was introduced. if that would show very much electro- 
motive force or whether it would require warming a little before 
the current could pass at all? 

Мк. Ќккр:—А cold electrode suddenly inserted, chills the 
electrolyte around it апа forms a non-conducting shell. 

Mr. бшк :—Then there is a question if the absorp- 
tion of heat might not be due to something else besides a chemi- 
eal change. In heating or cooling metals, certain changes take 
place abruptly in the line on a diagram showing the gain or loss 
of temperature against time as an ordinate. 

I believe the word recalescence is associated with some such 
change in iron— possibly a change of molecular structure or 
specific heat. 

Мк. Ккк›:—Т1из is a liquid. You must bear in mind that 
this electrolyte is a liquid all the time. 

Mr. WixrRINGHAM :—I understand that, but still the great 
absorption of heat is not only at the melting point and at evapor- 
ation, but at other points there may be considerable absorption 
of heat without a corresponding rise of temperature. 

Mr. Reep:—Then while it remains liquid, after it reaches a 
certain temperature, it suddenly absorbs heat without changing 
to the solid state. 

Mr. WintrincgHamM:—I know. But there are much changes 
in the heating of single metals alone. If you have a rod of iron 
red hot, white hot, and allow it to cool, it cools off slowly to a 
certain temperature and then becomes hotter again, brighter, 
and then goes on cooling. 

And then on page 229 the formula shows free oxygen. Does 
the chemical boil! Is there evidence of free oxygen being given 
otf ¢ 

Mg. RrEgbp:— Well, you could hardly call it boiling in the 
sense that water boils. ‘here are minute bubbles of gas or steam 
coming off from the time the experiment begins until the end. 

Mz. C. P. SrrixuErz:—HReading Mr. Reed's very interesting 
paper, I am not satisfied that the effect described therein is really 
a thermo-electric effect and not electro-chemical or galvanic The 
abrupt change of the к. м. F. at the temperature at which chemi- 
cal dissociation is shown to occur bv the change of color, rather 
points to electro-chemical action. The magnitude of Е. M. F. 
points the same way. 
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If two electrodes of different chemical affinity are inserted into 
an electrolyte, chemical combination takes place at the one, disso- 
ciation at the other electrode. The energy produced by chemical 
combination at the one electrode is greater than the energy con- 
sumed by dissociation at the other electrode, and the difference 
of energy appears as electric energy. As well known, chemical 
affinity is a function of temperature, increasing in general with 
increase of temperature up to a maximum and then decreasing 
again and reaching zero at the dissociation temperature of the 
compound. Thus, if two electrodes of the same material, but at 
different temperatures, are inserted in an electrolyte their chemi- 
cal affinities are different and they thus act like two different 
materials, that is, form a galvanic couple and chemical combina- 
tion takes place at the electrode of a temperature giving a higher 
chemical affinity, and an equal amount of chemical dissociation 
at the electrode whose temperature gives a lower chemical 
affinity. This seems to me the effect observed by Mr. Reed. It 
is thus not thermo-electric, but electro-chemical, or the same as, 
for instance, in а zinc copper cell, the only difference being that 
the chemical energy which produces the electric energy is ulti- 
mately derived from heat energy. 

The cycle of matter is thus: Iron and oxygen combine at one 
temperature, the compound is brought to another temperature, 
there dissociated into iron and oxygen, and the iron and oxygen 
brought back to the first temperature, where they combine again. 
The corresponding cycle of energy is: Energy is consumed at 
the one temperature by dissociation, transferred by the specific 
heat while bringing the iron and oxygen from the one to the 
other temperature, energy produced by chemical combination at 
the second temperature and energy transferred by the specific 
heat of the oxide of iron when being brought back to the first 
temperature. Thus the difference of specific heat of the oxide 
of iron from the specific heat of iron and oxygen equals the 
difference of chemical affinities and is thus the source of energy 
which produces the к. м. к. The phenomenon is analogous, to a 
certain extent, to the pyro-electrie machine, in which iron ie 
withdrawn from a A Sane field at a temperature beyond the 
critical temperature, that is while unmagnetic, then cooled below 
the critical temperature and attracted by the magnetic field again 
while magnetic. Here the source of energy is the difference of 
specific heat of the iron in the magnetic and in the unmagnetic 
state. 

Mr. Reepv:—Do І understand that you admit the source of 
the energy is heat ? 

Mr. STEINMETZ :— Yes, sir, the ultimate source of energy is 
heat. 

Mr. Rerp:—That is all I have attempted to show. Although 
we got only small amounts we have got sume electrical energy 
here. I do not think there is any known process by which heat 
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can be converted directly into electrical energy, except by thermo- 
electric conversion. 1 think, if you look into the question care- 
fully, that you will see that the energies exactly balance each 
other, which you speak of as resulting in an evolution of energ 
by the differences of specific heats. I admit that there are dif- 
ferences in specific heats. I admit that it is possible that there 
are differences of afħnity. There is undoubtedly a difference 
between the affinity of oxygen for iron at high temperatures 
and at low temperatures. But can that difference of affinity, 
under these conditions, evolve energy, when we must produce 
the same amount of oxide of iron which we reduce. ln other 
words, keep in mind that the amount of iron oxide reduced 
at one electrode is equal to the amount produced at the other, 
can we evolve any energy by that process! 


Mr. Sremnmetz:—It is this very point which I intend to 
explain that by combining iron and oxygen to oxide of iron at 
one temperature and dissociating the same amount of oxide of 
iron at a different temperature, more energy must be transformed 
in one case than in the other, due to the difference of chemical 
affinity, and thus an к. M. F. produced which is galvanic or electro- 
chemical but not thermo-electric, although ultimately due to the 
difference of specific heat of the compound and its constituents. 

We havea double transformation : of heat into chemical energy 
and of chemical energy into electric energy, but no direct con- 
version of heat into electric energy, that is no thermo-electric 
effect. The process is essentially the same as for instance in the 
zine copper cell where the ae of the zine is ultimately pro- 
duced by heat also, only more efficiently by а separate process, 
the electro-metallurgical reduction of zinc from its ores. 


Mr. Rerp:-—Assume we have an isolated system like that— 
suppose we take away the flame for a few moments, we have got 
a certain chemical condition and a certain amount of heat not 
uniformly distributed. Can we then by an internal process соп- 
vert part of that heat into chemical energy во that in the end the 
chemical energy and conditions shall remain the same, and at the 
same time evolve electrical energy without a thermo-electric 
conversion when the only tendency towards any change is that 
of uniform distribution by conduction ? 


Mr. STEINMETZ :— Yes, by a transfer of heat from higher to 
lower temperature. By changing the temperature of a compound 
and oppositely changing the temperature of ite constituents we 
get less heat energy back than put in, and the difference is trans- 

ormed into chemical affinity, which again is transformed into 
electric energy if the electric circuit is closed. 


Mr. Rezerv :—In other words, it is equivalent to the theory that 
instead of this being a thermo-electric process it is a thermo- 
chemical transformation of heat into chemical energy. 


Mz. STEINMETZ :-- Yes sir, 
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Mr. Reep:--And the chemical energy so produced evolves 
electrical energy, the initial and final chemical conditions being 
identical ¢ 

Mr. STEINMETZ :— Y es sir. | 

Мк. Reen :——And that the oxidation of the iron evolves more 
energy than the reduction of an equa] amount of iron which goes 
on simultaneously with it ¢ 

Me. SrkEINMETZ:— А ё the different temperatures, yes. 

Mr. Reep:——At the different temperatures. Well, of course 
there is nothing in these experiments to prove that that is not 
true; but if we assume that, then we might apply that same 
reasoning to almost any chemical action. We might say a 
chemical action could take place in one part of an electrolyte and 
reverse in another part and evolve electrical energy. 

Mr. Sreinmetz:--It seems to me to be impossible otherwise. 
Since the chemical aflinity is different at different temperatures, 
if in the same electrolyte oxidation. and reduction of equal 
amounts of materials take place simultaneously but at different 
temperatures, more energy must be produced by the one than 
consumed by the other, and thus a difference left which is a 
function of the difference of temperature of oxidation and 
reduction. 

Mr. Rerp:—I do not see that there is anything in these 
experiments to disprove your theory, but І do not see anything 
їп these experiments or in similar ones to prove it. ladmit 
there is nothing to actually disprove that that is the process 
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The total impedance, 

Ler Sg eS 21 — 20 3. 

The primary admittance, that is, admittance of the exciting 

eircuit, | 


Y' = g' +j b = (18 + .24 7) 10-—%. 
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The total number of primary turns is 280, the total number of 
secondary turns 28, of which, as before said, two could be con- 
nected in parallel. The cross-section of the magnetic circuit is 
32.4 sq. in. | 

Of the transformers ну, нз. Hy, н, of rating OC-125,-7.5,-27000,- 
1500 reduced to the low potential or 1500-volt coils, it is: | 

Total impedance, 

Z = ri =} t = 2.5 — 8.07. 

The primary admittance, 

Y, = g, +3 b = (32 + .57) 103. 

The total number of high-potential turns is 3458 per trans- 
former, of wire No. 24 B & s, subdivided in two coils. 

The total number of low-potential (1500 volt) turns is 192, 
subdivided in two coils also. The cross-section of the magnetic 
circuit is 46.5 sq. in. in the center, 72.9 sq. in. in the outside 
shell. 

Herefrom we get for the whole systein in the connection used 
for the highest voltage, that is with ғ’ connected 10 : 1, and к” 
connected .5 to 10, reduced to the high-potential discharge circuit. 

Total impedance inclusive generator, 

Z — 4 х 18? Z; + 4 x 18' Z! -- 4 x 86 Z! - 144? Z, 
= (80 — 390 7) 10? ohms, 
or absolute : | 

2 — 398 x 10? ohms, 
or reduced to the generator circuit : 

Ly = — Ji, = 3.9 — 18.8 7 ohms. 

Total admittance, 

Y = {і pa Y, ++, ҮК} 5%, T 
= (.87 + .62 7) 107* mhos. 
or reduced to the generator circuit, 
У, = (7.7 + 12.8 7) 10? mhos. 

Thus with 150,000 volts between the discharge terminals at 
the total ratio of transformation 144, the terminal voltage of the 
generator is about 1,100 volts and its field excitation corresponds 
to an induced voltage at open circuit of about V = 1,280 volts. 
It follows herefrom that the maximum current which can be 
‘produced in the discharge circuit is : 

V 


_—-—_—. — = .465 amps., 
144 V т? + Dee 
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and the maximum power available in the discharge circuit is: 
yp? 
2 (ry + Vr + ri) 
At this voltage the maximum density in the core of the trans- 
formers н ів 42.5 kilo lines per sq. in., or 6,600 lines per sq. ein. 
In the transformers Е” it is 41.5 kilo lines per вд. in., ог 6,400 
lines per sq. cm., hence far below saturation. 
2nd.—To determine the equality of the ratio of transformation, 
all four high-potential transformers were connected in parallel 
with their high-potential coils and in series with their low-poten- 
tial coils, as shown in Fig. 2, and the voltages across the low. 
potential coils read. They were, 


a b с d 

119 Fos 401 — doi | 
showing that the first transformer has a slightly higher ratio of 
transformation, and the last two a slightly lower ratio than the 


average. 


= 35.5 К. №. 


Allowance therefor was made in reducing the readings. The 
correction in the extreme case did not exceed 1.337. 

3rd.—Since the high potential was derived indirectly by volt- 
meter readings on the low-potential side of the transformers, it 
was necessary to determine whether the voltage read in this 
manner was correct and whether the capacity of the di-charge 
circuit has any effect on the ratio of transformation. 

For this purpose the high- potential transformers were connected 
in pairs in parallel with their low-tension and in series with their 
high-tension sides, the one pair used as step-up transformers, the 
other pair as step-down transformers, and the voltage read in 
both low-tension circuits, as shown in Fig. 3. Then step-up and 
etep-down transformers were interchanged, that ie, the generator 
was connected first at a, then at b. This test was repeated after 
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inserting an oil condenser into the high-potential circuit at c. 
This condenser consisted of twelve iron plates of about 4 sq. ft. 
each, separated by 2" of oil. Two such boxes of condensers were 
used in series, giving a total condenser surface of about 54 sy. ft. 
per electrode and 14” oil distance, thus a capacity far in excess 


of that of any discharge circuit. 


A number of tests were made, of which I give one set. 


Generator at a: 


No Condenser. 


11.5 
25.2 


44:9 


93.0 
102.1 
117.6 
128.0 


134-4 


Average ratio: 


23-5 
42.8 
64.2 
89.2 
98.5 
113.0 
123.5 
129.6 


1.0405 
Average without condenser, 1.0303. 
Average with condenser, 


Fie. 8. 


Ratio: 1 +. збо. 


Condenser. 
11.0 11.0 
20.3 19.0 
30 о 28.5 
39.9 38.3 
45.6 437 
56.0 53.5 

| 1.0455 


No Condenser. 


V Vs 
10.1 11.8 
24 2 25 1 
43.2 45.0 
65.3 67.0 
9t o 92.7 

100.4 102.0 

115.8 117.3 

126.6 128.6 

132 2 133.6 
| 1.0901 


1.0396. 


Generator at 6: 


Condenser. 
V, Vy 
10.6 13.9 
19.8 20.6 
29-5 30.5 
39.4 40.4 
44.5 45.8 
$4.7 56.0 
1.03 
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Hence 1.0303 is the change of ratio of transformation due to 
three times the exciting current. Thus the correction for the ex- 
citing current ів 1.017. The relatively very large condenser in- 
serted into the high-potential cireuit does not change tlie ratio of 
transformation by as much as 17. "Thus the very much smaller 
capacity of the discharge circuit is entirely negligible in its effect 
on the ratio of transformation.! 

To investigate the equality of the ratio of transformation of 
the type r transformers, the transformers were connected as in 
Fig. 4, that is the same way as during tests, but with the high- 
potential circuits disconnected, and the voltage at the low-potential 


йш) |йы Бы |йш 


irj a ЕК 


000 000 0000 1000 


Fic. 4. 


terminals of the high. potential transformers read at a, 5, c, d and 
at the generator g. It was found: 


g a 5 c d 
$0.3 47.5 48.1 47.2 47.8 
74 Ó 700 79.7 70.6 71.0 

100.6 97.0 97.2 97 4 97 3 
127.3 122.8 123.2 123.0 123 0 
352.8 337.3 339.2 338.2 339.1 


Average a, b, c, 4 — 338.45, 


1. This is due to the relatively very low self-induction of the step-up trans- 
formers compared with the self-induction of, for instance, a Ruhmkorff coil, 
etc. 
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Average ratio: 
1.045 | .9966 | 1.0022 | .9993 | 1.0019 
that ie, the four sets of intermediate transformers r' and r" are 


290 STEINMETZ ON DIELECTRIC [June 27, 


of identical ratio of transformation within a small fraction of one 
per cent., and the drop of voltage in them (which, however, is 
unessential for the test) amounts to 4.25%. Furthermore it fol- 
lows that the voltmeter readings at the low-potential side of two 
of the step-up transformers give the high-potential voltage correct 
within one per cent., hence are perfectly reliable. 

4th.—The shape of the generator wave was determined by in- 
stantaneous readings, 

а. At open circuit. б. With the high-potential transformers 
and the type F transformers feeding them connected to the gene- 
rator. c. With the above described condensers in the high- 
potential circuit. 

The same connections were used as shown in Fig. 3, and the 
wave shape determined at the generator terminals a as well as at 
the terminals of the step-down transformer 5, во ав to investigate 
whether a change of wave shape takes place by the transforma- 
tion. Tl The e following values were found: 


At «tep-down 


At step. down A 
transformers, › generator, | transformer, 


At generator, 
К At generator, 


Degrees. | open | 
circuit. no condenser. ' по condensers. | Condenser. condenser 
IR poco | | 
10 13 7.25 | 5.8 5.3 37 
20 28.5 18 | 14.4 26 25.8 
3o 44.1 35.5 29.7 43-3 42.3 
40 64 4 $2.6 48.2 56.2 $3.9 
50 13.6 61.6 56.5 6..8 6c.7 
6o 82.5 66.0 60.1 72.6 69.3 
70 89.6 71 9 66.5 79.9 77.5 
80 95-5 77.3 72.8 85.0 81.9 
ge 97-7 80.1 74.2 86.1 82.3 
100 95 77.5 72.5 83 6 79.8 
110 gt.4 74.25 70.8 79.2 75.1 
120 86.5 70.6 (6.6 74.6 70 
130 76.8 61.6 58.6 69.4 65.8 
140 63.2 499 48.1 59 56 
150 50.5 41.25 40.2 42.1 38.7 
160 36 6 28.6 27.1 23.6 21.8 
170 19.9 13 3 13.4 14.75 13.4 
180 2.6 6 9 | 7.6 8.3 
Ratio Ratio? 142 | L4* | 1 149 | 144* | 143 | 142 | 142 


* As seen in Fig. 5, this а wave has а small peak at the maximum 
reading which causes a slightly higher ratio, but is probably. merely an error 
of observation of this individual reading. 
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that is 1.008 times the value corresponding to the sine wave. 

Hence, the generator wave has within lese than 14 the same 
ratio of maximum to effective value as the sine wave, and tliis 
ratio ів not changed by transformation nor by capacity in the 
high potential circuit. 

The maximum value of voltage can therefore be calculated 
from the effective value by multiplying by 2. In all the tests 
the effective values of voltage are given. 

To conclude, we get as results of preliminary tests: 

Voltmeter readings on the low-potential side of the high-poten- 
tial transformers give a striking voltage correct within 1%, ir- 
respective of the capacity of the discharge circuit, within the 
limits of the tests. 

The wave of the smooth core alternator is practically a sine 
wave, and is not changed by transformation or by capacity of the 
discharge circuit. 

Since the accuracy of the striking distance determination ean- 
not well exceed 1 to 2%, these preliminary tests show the method 
as correct within the errors of observation. 

In the tests all distances are given in inches, since they were 
measured in inches, and the reduction to em. is omitted. 

The voltages are given in kilo-volts effective, and the max- 
imum voltages thus are 42 times as large. 

In general each of the readings given in the table is the 
average of from two to four tests. The tests are recorded in 
tables I. to IX. and plotted in Figs. 6 to 17. 

It is: 

Table I., striking distances between sharp points with smooth 
core and with ironclad alternator, the latter in air, fog and steam. 


Table II., striking distance between 1” spheres. 
Table II1., striking distance between 4” spheres. 
Table IV., striking distance between 1” spheres. 
Table V., striking distance between 2” spheres. 


Table VI, striking distance between parallel cylinders of .313" 
diameter with smooth core alternator only. 

Table VII, striking distance between parallel cylinders of .111" 
diameter with &mooth core alternator only. 

Table VLITI., striking distance between +” spheres with brass 
disks inserted into the path of the discharge, with smooth core 
alternator. 
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Table IX., striking distance between 1^ spheres with wet plank 
parallel to the path of the discharge. 


Fig. 6, sharp points with smooth core alternator, observations 
marked by crosses. 


Fig. 7, sharp points with smooth core alternator. Average of 
two sets of tests. Observations marked by crosses. 


Fig. 8, 1" spheres. Two sets of tests. Smooth core alternator. 


Fig. 9, 1' spheres. Average of two sets of tests. Smooth core 
alternator. 


Fig. 10, 4” spheres. Smooth core alternator. 

Fig. 11, 1" spheres. Smooth core alternator. 

Fig. 12, 2" spheres. Smooth core alternator. 

Fig. 13, sharp points and spheres. Comparison of results with 
smooth core alternator. Sharp points showing dotted line. 


Fig. 14, .313" cylinders with smooth core alternator. Maximum 
electrostatic gradient marked by erosses. 


Fig. 15, .111" cylinders with smooth core alternator. Maximum 
electrostatic gradient marked by crosses. 


Fig. 16, sharp points with ironclad alternator. Two set of 
tests in air, one in fog and one in steam. Smooth core alternator, 
curve marked by dash-dotted line. 


Fig. 17, sharp points and spheres. Comparison of results with 
ironclad alternator. Curve of sharp points in dotted lines. 
Sharp points with smooth eore alternator marked with daah- 
dotted lines. 


The following has to be remarked regarding these tests:— 


All distances given are net, that is, from the surface of sphere 
and cylinder to the surface of the other cylinder and sphere, etc. 
Connection of. the high-potential transformers ну, H}, Hs, н, and 
the intermediary transformers ғ and F” with the generator с and 
the voltmeters v,, vs, уз were in all the tests, as shown in Fig. 1. 
As stated before, the voltmeter readings of v, and v, were aver- 
aged to calculate the striking voltage, while the voltmeter read- 
ing v was used merely as check. Ап ammeter was also inserted 
into the generator circuit at A as check to observe capacity effects. 

Generally the intermediary transformers near the generator, r', 


were connected for the ratio 1 to 10, the transformers F” for the 
ratio 1 : 20. 
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For lower readings the high-potential transformers were gradu- 
ally cut out in the order H,, H,, Hs, leaving ultimately only н, in 
circuit. 

Under the floor of the testing room were a number of steam 
pipes from which some steam was escaping, so that the air in the 
testing room was always moderately moist. 


TABLE I. 
POINTS. 


24” needles. 125 cycles. 


| Smooth Core Alternator: Ironclad Alternator: 
A-10- 30-1500. A- 10-60-1500, 
S. Kilovolts: effective. М С—С à Kilovolts : effective. 
cv cu 
aa d.c 
ET ba Е те S 
TO 7221-96 *17-17-"g | = |7-24—96%| Jan. 'os ап К ап. 
| 2 in air. in air. , Average. E ; in air in ат. (Average. dn fog" я AE 
.25 4.25 | .25 4-13 
E 10.0 $ 9.0 10 0 9-5 13.0 14.5 
1.0 20 4 1.0 16 9 18.5 17.7 22.0 25.3 
1.5 29.3 1.5 24.3 26.0 25.1. 31.0 35.5 
2.0 35.2 | " 2.0 30.5 30.5 30.5 38.0 43.0 
2.5 40.4 2.5 33.9 35.0 34.4 43.5 50.3 
3-0 4‹.6 | 3-0 36.3 38.0 37.1 4B.o | 54.5 
3.5 49 4 | 3-5 42.2 41.7 42.0 51.0 63.0 
4.9 $2.5 | 4.0 41.3 45.0 43.2 555 
4.5 59 6 4.5 4.5 48.0 46.7 61.0 
5.0 61.0 | 5.0 48.4 $^ $ 49-5 
5-5 65.7 5.5 53-0 85.0 54.0 
60 6y.8 69.5 | бу 65 б.о 561 58 8 $7 4 
6.5 73 4 74.7 74.05 6.5 $9.8 62.0 60.9 
7.0 77.5 79.2 , 78.35 7.0 633 64.7 64.0 
7.5 83.8 83.0 , 834 7.5 62.5 65.0 68 3 
8.0 86.8 87.3 , #705 8.0 70.9 73.4 72.1 
85 90.5 доз | 9035 8.5 75.8 76.0 759 
9.0 95.0 917 94-35 go 79 8 70.2 79.5 
9-5 97.7 96.3 | 97.0 9.5 84.8 82.5 836 
10.0 101.5 ag O 100.25 10.0 | 88.8 86.4 87 6 
10.5 107.0 103.0 105.0 10.5 93.5 #9 5 91.5 
11.0 111.5 107.5 , 1095 11.0 97.7 93.0 95.4 
11.5 114.0 110.5 112.8 11.5 102.0 
12.0 121.0 116.0 118.5 12.0 107.7 
12.5 125.5 120.0 | 122.75 12.5 111.0 
13.0 1330 123.0 128.0 13.0 117.5 
13. 135.0 127.0 131.0 13.5 | 122.5 
14.0 140.0 129.0 | 124.5 14.0 | 128.0 
14-5 144 0 113600 : 140.0 14.5 134.4 
15.0 150.0 15.0 | 138.3 
15.5 155.0 
16.0 159 $58 | | | 
| 


* 85° Е, Weather sultry. 

+ 259-80? Е. Weather clear and bright. 

t 70° F. Weather cool and cloudy. 

§ Internal discharges in intermediary transformers F’ Е”. 


In most of the tests the temperature and the weather are given 
from the record sheets. The meteorological record of the days 
during which tests were made is given in Table X. To check 
the influence of the weather, a few readings with 1” spheres and 
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ironelad generator were repeated on a sultry and rainy day, but 
found to agree with the readings taken on a clear and bright day. 

With the x. м. F. of the smooth core alternator brush dis- 
charges at the electrodes were observed by the hissing noise pro- 
duced by them when the potential approached the striking 
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Fig. 6. Points, Smooth Core Alternator, 125 Cycles. 


voltage, and at greater distance even far below this, with sharp 
points with smaller spheres and with parallel cylinders of smaller 
diameter, less pronounced with larger spheres and parallel cylin- 


ders of large diameter. 
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When approaching 160,000 volts effective with a smooth core 
alternator, electrostatic discharges took place inside of the inter- 
mediary transformers r' and F”, apparently between primary and 
secondary. It seems the transformers acted as a system of six 
condensers in series, the two outside high-potential transformers 
н, and н, and the two sets of intermediary transformers r' and r" 
connected thereto with the insulation between primaries and 
secondaries as dielectric. At or near 160,000 volts the electro- 
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Fic. 7. Points, Smooth Core Alternator, 125 Cycles. 


static stress exceeded the disruptive strength of the insulation 
between primary and secondary in ғ and к”. Since, however, 
the insulation between н, and н, resisted, no are followed the 
discharge. Nevertheless, even at lower voltage, a number of in- 
termediary transformers, ғ’ and F”, were pierced. 

With the ironelad alternator with sharp pointe as well as with 
brass spheres, the breaking-down point was quite unstable. 
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Although the brass epheres were polished, amalgamated and 
rubbed smooth before each test with the same care as in the tests 
with the smooth core alternator, nevertheless the readings are far 
more erratic and in several instances the same disruptive voltage 
was found with a change of the striking distance of as much as 
1". In the record sheets all questionable readings are omitted. 
With the ironclad alternator, at voltages of 80,000 and upward, 
almost always several heavy electrostatic discharges took place 
between the electrodes before the disruptive voltage was reached, 


TABLE II. 
M SPHERES. 
Amalgamated. 125 Cycles. 


Smooth Core Alternator: Ironclad Alternator : 
A-10- 30-1500. A-1c-60- 1500. 
. Kilovolts ; effective. , 
Distance, Distance, Kilovolts : 
inches. —— SSS UD inches. effective. 
а. Lud. 7-25-96. Average.. d. 7-2:-'96. Ф 
| 
.125 8..8 .125 6 4 
.25 12.9 .25 11.3 
‚50 18.65 5 13.4 
.985 22.4 т.О 18.3 
147 24 8 1.523 23.3 
20 34.7 2.0 28.2 
2.97 43.6 44.8 44.2 3.0 37.3 
3.51 50.0 ` 4.0 47.7 
4.01 56 s 56 4 56.45 4.97 53.8 
5.03, 67.0 66.0 66.5 5-97 33.0 
5.5 71.0 7.0 65.8 
5 99 77.0 76 4 76.7 8.0 75.1 
7.0 86.8 83.6 85.2 8°97 86 г 
8.0 96.0 gc. 6 93 3 10.0 93 4 
9.03 103.5 * 11.0 108 5 
10.02 108.7 100.6 104.62 


* 8o0?—90? Е. Weather clear and bright. 
+ 75°-80° Е. Weather rainy and sultry 


frequently as much as 1,000 to 1,500 and even 2,000 volts below 
the actual striking voltage. These discharges were never observed 
with the smooth core alternator, but were most marked with j'' 
and 1’’ spheres and with sharp points. To investigate the fre- 
quency, a Thomson transformer, that is a transformer consisting 
of a small number of primary and of secondary turns wound in 
air (without iron core) was inserted in series in the discharge cir- 
cuit with sharp points as electrodes, and the secondary terminals 
of this Thomson transformer separated by a gap of 3”. When 
approaching the striking voltage, but before the final disruptive 
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discharge took place, a continuous discharge passed across the 3” 
air-gap of the secondary circuit of the Thomson transformer, 
showing thus the existence of an oscillatory or very high fre- 
quency effect. 

Photographic investigations of the phenomena taking place 
during the disruptive discharge have shown that it always consists 
of an oscillating electrostatie discharge with at leust two or three 
well marked oscillations followed afterwards by an arc, as I have 
discussed more fully in а previous article on “Photographic Study 
of a 150,000-volt Power Discharge." 
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Fic. 8. + Spheres. Smooth Core Alternator, 125 Cycles. 


Condenser effects were observed only once when two insulated 
brass disks were inserted in the path of the discharge between 4” 
spheres separated by 9j", and these brass disks brought very 
close, within 2" to the discharge terminals. In this case the pri- 
mary current in the generator circuit rose. As above discussed, 
capacity within a reasonable limit has no effect on the ratio of 
transformation, but would show a rise of the current in the gen- 
erator circuit, and no such rise was observed, except in the above 
mentioned case. 
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Regarding the effect of frequency on the striking distance, 
within the range of frequency easily accessible, that is from 40 
to 125 cycles, no noticeable change was observed. 

Of more general interest are the tests of the striking distance 
made with the smooth core alternator in which the wave is nearly 
a sine wave and the ratio of maximuin to effective Е. м. Е. thus 
constant and known. The striking distance with the ironclad 
alternator are of interest only in so far as they show which devia- 
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Fie. 9. i" Spheres. Smooth Core Alternator, 125 Cycles. 


tions from the sine wave curve can be expected with this type of 
machine most commonly in use, of sawtooth wave shape. Since, 
however, during the tests the voltage was varied by varying the 
alternator excitation and the wave shape of the ironclad changes 
more or less with the excitation, these curves are of comparative 
interest only. 

Restricting thus at first our attention to the tests made with 
the smooth core alternator, we find the striking distance between 
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parallel cylinders in Tables VI and VII and Fig. 14 and 15 rep- 
resented by curved lines, the striking distance increasing faster 
than the voltage. The curve of parallel cylinders of larger di- 
ameter resembles the lower part of the curve of cylinders of 
amaller diameter in increased scale, as is to be expected. 

Very interesting is the curve of striking distance between 
sharp points, Table I and Figs. 6 and 7. It starts in a straight 
line, the striking distance being proportional to the voltage at the 
rate of 20,000 volts per inch. At about 11" distance the curve 
bends upward and passes into & second straight line which it fol- 


TABLE III. 
% SPHERES. 
Amalgamated. 125 Cycles. 


| 


| Smooth Core Alternator: А-то-3о-15оо. | Ironclad Alternator ; А-то-бо- тоо. 


Kilovolts : effective. 


| Distance, inches. a4 Ub Distance, inches. Kilovolts; effective. 
7-23-:96. | уло ул 
| 7-14- 96. : 
125 8.2 i ‚2125 6.86 
25 14.6 .25 11.3 
485 22.0 .5 17.5 
94 31.3 1.0 270 
1.5 36.1 1.5 26 5 
2.0 39.4 2.0 35.4 
25 44 4 2 97 440 
2.90 47.2 40 $12 
40 59 4 4.95 55 1 
5.0 68 о 5 94 65.0 
6 сб 79 о 6.97 63.8 
| 6.97 84.0 | 73? 77.5 
7.97 95.9 8 37 83.0 
9o 98 3 9.97 97.3 
| 9 93 105.5 11 03 108.3 


* 89?-99? F. Weather clean and bright. 


+ 75°-80° F. Weather rainy and он, 


lows from 3” distance upward, the distance increasing at the rate 
of 1" per 8,000 volts effective. This second straight line, how- 
ever, does not pass through the origin, but through a point of the 
voltage of 22,000 effective. 

At very high voltages, about 100,000, the two sets of readings 
taken diverge from each other, the one falling below, the other 
passing above the straight line, as shown in Fig. 6. 

The average, however, follows very closely the straight line as 
shown in Fig 7, where the average values of the two sets of 
readings are marked by crosses. 
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The four sets of curves representing the striking distance be- 
tween spheres of various diameters have a considerable similarity 
with each other, the same curve repeating itself in increased 
scale with the increased diameter of the spheres. They differ, 
however, greatly from the curve of sharp points. 

All the four curves start at the same slupe for very small dis- 
tances, of about $” per 10,000 volts. Then they bend upwards 
and pass into a second straight line, and the middle of the bend 
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Fie. 10. 4" Spheres. Smooth Core Alternator, 125 Cycles. 


lies at about twice the diameter of the spheres. After the bend 
they follow a straight line for a certain range, but bend upwards 
once more for high voltages and then approach rapidly the curve 
of sharp points. The second upward bend is marked with 1" 
and à" spheres, while with 1” spheres the curve extends only to 
what is probably the end and with 2” spheres the beginning of 
the straight lined part. At very high voltages the 3" and 1” 
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TABLE IV. 


1° SPHERES. 
Amalgamated. 125 Cycles. 


| Smooth Gore Alteroator: aues | Ironclad Alternator: Ачан | Smooth Core Alternator : A-10-30-1£00. Ironclad Alternator: A-10-60 1500. 
| Distance, inckes. тю DI S Distance, inches. Kilovolts $ effective. 
Lo ШР 4: 7-14-'96.* d: 7717-95. t 
.125 8.95 .125 6.75 
.25 1:.9 TE 116 
m 26.1 | .485 19.6 
1.0 43.6 1 00 33-3 
1.47 52.8 1.183 37.2 
1.94 59 3 197 45.0 
2.97 677 3-0 $2 $ 
399 76.0 40 66.7 
5.0 812 4 99 69.2 
6.03 86.5 бс 74.7 
6.61 89.0 6.99 79 5 
7.28 10.0 8.2 860 
799 99.0 8 99 92.0 
8.99 104.5 100 97.5 
9-99 1c8.7 10.97 107.0 
10.94 124.0 


* 86?-9959. = *85-9». Weatherclearandbright. — | clear and bright. 
+ 259-809. W ather clear. 


10 20 30 40 50 60 70 30 90 100 10 120 
KILOVOLTS EFFECTIVE 
Fig. 11. 1” Spheres. Smooth Core Alternator,.125.Cycles; 
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spheres have practically approached each other, the 1” spheres 
are coming close to the same value, while the 2" spheres show a 
bend, which as seen in Fig. 5, would bring the curve beyond the 


TABLE V. 
2" SPHERES. 
Amalgamated. 125 Cycles. 


Smooth Core Alternator: A-to- 30-1500. Ironclad Alternator: A-10-60-1500. 


Kilovolts : effective. 


Distance, inches. tan ab Distance, inches. Kilovolts: effective. 
a: T o d: -20-'95. + 
7-14-'96.* i | 772995, 
.125 8.95 .125 6.67 
25 1§.9 25 12.5 
493 26 7 .50 22.6 
1.05 £1.0 1 03 39 3 
1.454 656.3 1.50 50.8 
1.688 70.8 1.93 57.8 
2 25 83.8 251 66 7 
3.0 94 0 2.99 75.0 
3.438 102 0 35 | 80.3 
2.952 101.5 4.0 82.7 
5.c8 108.0 4.49 92.0 
5.60 114 5 4 07 94.0 
5-47 96 5 


* $o^-9o0? F" Weather clear and bright. 
t 75°-80° F. Weather rainy and sultry. 
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Fic. 12. 2" Spheres. Smooth Core Alternator, 125 Cycles. 


range of test up to the same value. At high voltages, however, 
the two sets of teste with 4” spheres deviate from each other, the 
one leaving the straight line sooner than, the (other,c их their 
average has been plotted in Figs. 2, 9 and 13. 
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While the striking distances between spheres of different diam- 
eters are very different at intermediary voltages, they seem to 
coincide at very low and very high voltages, but differ essentially 
from the curve taken between sharp points, except at extremely 
high voltages. 
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Fic. 18. Comparison of Points and Spheres. Smooth Core Alternator, 
| 125 Cycles. 
Comparing the striking distance between small spheres, and 
those between needle points as shown in Fig. 13, the remarkable 


feature is observed that the +” spheres approach sharp, points at 
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comparatively low voltages, and even intersect the curve of sharp 
points, so that within a certain range of voltage, from 28 to 49 
kilovolts, the striking distance between 1' spheres is greater 
than between sharp points, but beyond this range these curves 
separate again widely, far beyond the possible error of observa- 
tion, and at very high voltages approach once more. The inter- 
section of the curve of sharp points and of 1" spheres is very 


TABLE VI. 
PARALLEL CYLINDERS. 
.918" diameter. Radius of Curvature : 87". Length : 24° 


Amalgamated brass. 125 cycles. 
Smooth Core Alternator : A-10-30-1500. 4-14-96. 
Distance, : Mean * Maximum 
inches, Plows, Gradient. 00, gradient : A: 


g- go: 


$8 
з 
t^ 
an 
м 
oo 
an 
ә 
22 
е 
“з 
© 
о 


.c6s 4.78 735 934 78.6 T 1.5 
‚о8о 5.7 71.2 921 77.2 л 
.174 10.85 62.2 ‚849 73-4 — 3.7 
.347 18.55 53.4 .742 72 0 — бл 
439 23.7 53.9 .698 77.2 + а 
47 22.9 48.8 685 71.2 — $9 
565 23.0 40.7 .643 63 3 — 13.8 
30-5 44 2 ‚бсо 737 — 34 

84 34.3 40.9 -556 73 — 36 
$3 33-1 35-6 -53 66 — 10.3 
1.18 41.5 35.1 47 73-4 — 3.7 
1.44 4? 3 32.8 434 75.5 — 1.6 
1.72 51.4 29.9 396 75.7 — 1.4 
2.12 53.8 25.3 357 710 — 61 
2.62 5.0 24.5 312 78.5 I4 
2 82 67.8 24.1 298 80.5 3-4 
3°16 71.0 22.5 276 81.6 4.5 
3.18 69.8 21.9 275 79.6 2.5 
3.69 72.5 19.65 251 78.4 1.3 
1.7 

1.9 

3.3 

1.9 

7 

2 
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Average: 76.0 
Second average: 77.1 


* gg _ = ratio €?" gradient, calculated. 
o max 


interesting and quite marked, and cannot well be due to errors of 
observation, since either curve represents two independent sets of 
tests taken at different times which coincide, and the same inter- 
section at a somewhat lower range is strongly marked also in the 
tests with the ironclad alternator, Fig. 17. 

From all these tests it should be expected that a law on the 
disruptive strength of air could be derived. 
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The disruptive electrical discharge bears a striking analogy to 
mechanical rupture. Thus, as the mechanical strength of a beam 
remains practically unimpaired up to & certain load, and at this 
load suddenly falls to zero by mechanical rupture, so the resis- 
tance of an air space is practically infinite up to a certain poten- 
tial, at which, under disruptive discharge, it suddenly falls down 
to practically nothing. In looking for a physical law represent- 
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Fic. 14. Parallel Cylinder .818" Diameter. Smooth Core Alternator, 
125 Cycles. 


ing the electric disruptive discharge, it thus was to be investi- 
gated how far the laws of mechanical strength would represent 
the observed effecta. 

Under mechanical stress, rupture takes place as soon as the 
stress exceeds the breaking strain anywhere in the material, and 
this breaking strain is a constant of the material. Thus I inves- 
tigated whether the disruptive discharge of air takes place as 
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TABLE VII. 
PARALLEL CYLINDERS. 
1.11* diameter. Radius of curvature: 140* Length: 
Amalgamated brass. 125 cycles. 
Smooth Core Alternator : A-10-30-1500. 4-6-96. 
Distance А Меап è Maximum 
inches. помоля, Gradient. 90, gradient. 

d: effective. f: go: 

.094 5.9 62.7 973 64.5 

.109 7.02 54.4 .969 66.5 

172 9 94 57 8 .951 бо 8 

.188 116 61.7 +947 65.2 

.320 19.2 бо о .914 65 6 | 

.407 21.6 : 53.0 .892 $9 4 

.492 27.0 $5.0 .874 63.0 

‚891 41.0 460 .797 $7.8 | 
1.31 $2.0 39-7 .729 54 5 
1.49 бо.5 40.6 204 57.6 | 
1.78 66.2 37.2 ‚667 $5.8 | 
1.79 68 4 38.3 .666 57.6 | 
2.06 74.0 360 ‚637 56.5 | 
2.19 79 о 36.0 .623 37.7 
2.37 84.6 35.7 ‚бо $9.1 
2.46 86.7 35 3 -597 59.2 | 
2.54 | 93.0 36.5 .589 62.0 | 
2.90 95.5 34.0 ‚559 бо.8 
3.19 103.7 32.5 .536 60,7 
3.72 118.4 31.8 .502 63.5 


Average: бо. 
Second average: 59.6 
Mean: 60.0 


* gg. = ratio TEPP gradient, calculated. 
о та 
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Fio. 15. Parallel Cylinder, 1.11" Diameter. Smooth Core Alternator, 125 Cycles. 
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soon as the dielectric stress, that is the electrostatic gradient any- 
where in the path of the discharge exceeds a certain constant 
value, which would be called the “ dielectric strength of air” in 
analogy to the “ mechanieal strength " of a material. The me- 
chanieal strength of a material is tested by subjecting it to a uni- 
form mechanical stress, the usual test of tensile strength by 
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Fic. 16. Points in Air, Fog and Steam at Atmospheric Pressure. Ironclad 
Armature, 125 Cycles. 


pulling a test piece of known cross-section to pieces. The. anal- 
cgous test of the dielectric strength of air would require a uni- 
form electrostatic field, that is, parallel plates of perfect polish as 
electrodes. This is obvionsly not feasible. Thus I chose a 
shape of electrodes giving a relatively simple, although not uni- 
form electrostatic field. 


qi 
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Between spheres, the lines of electrostatic force and equipoten- 
tial surfaces are curves and surfaces of higher order. Between 
parallel cylinders, however, lines of force and equipotential lines 
are two linear systems or pencils of circles or rather cylinders, 
that is, all lines of electrostatic force are circles intersecting each 
other in two points, the fundamental points of the pencil, and all 


TABLE IX. 
Wet Plank Parallel to Discharge of М” Spheres. 
Grain parallel to discharge. Mohawk river water. Spheres amalgamated. 


125 cycles. 


Smooth Core Alternator: A-10-30-1500. 7-22-96. 


Distance, inches, 


: Average 
between: Kilovolts,| Struck !-Kilovolts,® A.: Ai: A. 
Spheres: Sphere and effective : to: effective. a: b ce 
plank. 9 
oo 76.5 — -— ] 
8 | 9з — = | 
10 > 105.6 — = 
4% i 38 ES — |} From |Table 2. 
th” : 77-7 — = | 
9 : 99-5 — ats 
1076 2 110.5 et = J 
6 2 67.7 plank. 
iS 2X 71.3 spheres. | 69.5 7.0 11.8 18.5 
E 234 71.3 NC 
3 713 ' 
8 2% 78 plank. 
8o. ee 
е 34 83.5 spheres. | 82.1 10.9 4.4 15.3 
E 33 86 5 “ 
то 3% 88 plank. 
: 4 1.2 Б 
а 4% 104 sphercs. 1 103 2.6 3.5 6.1 
oe 4 105 а 
12 55 116.5 plank. 
I 5 119. $ Е 
я s% 115 spheres. | 117.3 3 6.8 7.5 
P sh 121 “ 


* That is, voltage where the direct path between the spheres, and the path over the wet 
plank have the same dielectric strength. 


t Ag = kilovolts of direct discharge between spheres, minus 9. 


Ay=9 minus disruptive voltage between spheres at twice the distance of wet plank. 


Ac = Aat A» 


equipotential lines are circles intersecting the firet set at right 
angles, and containing the cross section of the cylinders as one 
pair. 

This being the relatively simplest case, it was chosen for the 
investigation. Obviously the length of the parallel cylinders 
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could not be infinite, and therefore, to avoid the influence of the 
ends of the cylinders, they were given a slight backward curva- 
ture of a very large radius compared with the diameter of the 
cylinders and their distance, as shown in Fig. 18, which repre- 
sents the relative proportions of the larger cylinders at the high- 
est observed striking distance. The effect of this curvature was 
investigated and correction made therefor. 


INCHES 
ar 
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FIG. 17. Comparison of Points and Spheres. Ironclad Armature, 125 Cycles. 


From the distance between the cylinders d and the striking 


С 
voltage V, the mean electrostatic gradient g = L was calculated 


and is given in the third column of Tables VI. and VII. in kilo- 
volts per inch. From diameter and distance of cylinders, the 
ratio of mean to maximum gradient o was calculated, and by 
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dividing the observed mean gradient g'by the factor о, the max- 


imum gradient g, = £ would be derived for parallel cylinders. 
б 


To correct for the backward curvature of the cylinders, of radius 
ro, the ratio of mean to maximum radient was calculated for the 
distance Z but a diameter of cylinders of 2r,. Since ø, differs 
very little from one, being at the highest distance observed with 
large cylinders ø, = .994 and with small cylinders о, = 0.893, 


Fic. 18. 


by dividing with ø, the correction was far within the errors of 
observation. 

Thus the maximum gradient g, was derived from the observed 
mean gradient g — 3 as: 9 = E 

The calculation of с and o, is as follows: 

Let in Fig. 19 be represented the crosssection of the two 
parallel cylinders of equal diameter. 
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Let x = abscisse with center 0 between the parallel cylinders 
as origin. 

y — ordinates of one line or circle of electrostatic force of 
radius Æ. 

d — distance inside between parallel cylinders. 

r — radius of parallel cylinders. 

р = distance ef fundamental points A and A' of cylindrical 
pencil (common point of intersection of all lines of force) from 
origin. 


Fire. 19. 


At the surface of the cylinders, it is: 
Yo = VR — rè — V 1% — р); 
in general it is: 
y — 1% — а? — y R,— 1; 
it is: 
p = г, (“~ + 27). 
Let д, = electrostatic stress at the cylinder surface in the cen- 
tral line, that is at 5, ; then it is: 


y, = 7. = electrostatic stress at point x of central line, 


\ 
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if the line of force 1 is infinitely near the central line, that is, if: 
т = %0. | 


Thus the ratio of average electrostatic stress g to maximum 
stress go 18: 


Substituting, it is: 
To 
o=1 [Pat — М1 — g 
vo, И а? — ИР р" 
Introducing the transformation : 


Vie — а? = Р — ur, 


90и № 
g = ae 
14-2? 
1+ uy 
Р (1 — v’) 
КАЕ Е ro 
ы ш 0, 
x P. 
VI) — д = а, 
Ир = 1, 
it is: 
Lo 
62 (a — 4) (1 — wv’) d, 
© © (1 + w) (R — b) — (R + b) w} 
Substituting : 
= b=, 
Е +0 = 9, 


r g—c g—e 
522 (9 — 0) 14+ 20 -— 9с (dr. 
2 (9 + €)" 2 gute gu+e 


2k (a — b) arc tan u + б 1д#=Ее/ 
) 


то (P F c 2 дс би — с], 


1898.] STRENGTH OF AIR. 315 


or substituting : 


= 1М1-® To МЕ ТОЕ ГА P fa are tan = {1 bM E 


Тг 


Р p, T) 1-1-7 miti A 


py eI WV ҮЛЕ ЇШ 


Xo 


Ё a? 2 |. 

2M 1-3 ES ( ? arc tan 7, г | VS] ze 
r [1V1 + p I VAL | 
2, |1 EVE E [Vig T 


In the central line between the parallel cylinder it is: 
R=, 


10 


R | 
м. 


Substituting this, it is: 


gc te 19 le 


Thus: 


the ratio of average to maximum strain in the ‘central line, 
where: 


d 
To == 


2 
P = To (to + 27). 
Substituting this, it is: 


and if the distance z, is very small compared with the radius 7, 
it is: 


p P — To 
DP E ur us 
po got ip) 


or, since: 
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p^ = 2, (v, + 27, 
approximately : 
g —1-—-:?, 
2r 
If now 

r — diameter of cylinders, 
т = ratio of curvature of cylinders (r, being very large compared 

with r and г), it is: 


pel jg Ba ee 
Dp D — а 

о = 1— at. 

: 27, 


and 
o o = т (1— fo Ly е) 
p 27% p — 9o 
the ratio of the maximum to the mean electrostatic gradient 
within the path of the discharge. | 
Thus, if g = mean gradient, 


go = -9— ів the maximum gradient. 
O 0, 


With the cylinders used it was: 
r — .1565 and .555 respectively. 


Herefrom the numerical values of correction factor oo, and max- 
imum gradient g, are calculated and given in Tables VI and VII. 
With the large cylinders, which were investigated first, the 
values of the maximum dielectric gradient g, were found over 
the whole range from the lowest to the highest voltage toaverage 
60. The difference of individual values of g, from the average 
is not greater, but rather less than found under similar conditions 
in tests of tensile strength in mechanics. They are, however, 
greater than can be accounted for by the errors of observation, 
thus showing the existence of some secondary effect disturbing 
the results. The values of g, show no noticeable tendency of 
deviation from constancy for very high or very low voltages, and 
appear rather low in the middle, high at either end of the curve. 
The teets with the smaller cylinders gave an equally good 
agreement between the values of the maximum gradient g,. 
However, comparing both sets of tests we found that the 
* dielectric strength of air" averages 60 with the 1.1” cylinders 
but averages 77 with the .313” cylinders. Thus, while the max- 
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imum gradient is fairly constant with the same size of cylinders 
and different distances, it differs considerably with different sizes 
of cylinders, or in other words the dielectric strength of air as 
found in this way is not a constant, as the tensile strength of me- 
chanies, but varies with the conditions. 

Some further results on the question of the constant dielectric 
strength of air can be derived from thetests with points and with 
spheres as terminals. 

Between mathematical points the dielectric field of force is 
similar regardless of the distance. Thus with the needle points 
used, for all distances great compared with the radius of curva- 
ture of the needle points, that is already the smallest distance in- 
vestigated, the striking distance should be proportional to the 
voltage if it depends upon the maximum gradient. This, how- 
ever, is not the case. 

Between mathematical points even with tbe lowest. voltage the 
gradient at the points is infinite. Thus with needle points very 
smal] voltages should strike over great distances. This is not the 
case either, but the curve of needle points does not differ much 
from that of 4’ spheres. This leads us to one of the phenomena 
obscuring the true electrostatic gradient at the moment of dis- 
ruption, the brush discharge. 

Long before the disruptive voltage is reached between needle 
points and smaller spheres or cylinders, a brush discharge issues 
from the terminals into the surrounding air. The space sur- 
rounding the electrodes is filled with an infinite number of violet 
streamers issuing from the electrodes under a hissing noise and 
being constantly in motion, and this space is thus more or less 
broken down dielectrically, so that, when the final disruptive dis- 
charge takes place, the terminals of the diecharge are no longer 
the original metal terminale, but the whole space covered by the 
brush discharge is more or less to be considered as discharge ter- 
minals. 

An attempt was made to investigate this phenomenon, thus: 
Instead of the amalgamated metal cylinders of diameter p and 
distance d, two cylinders were substituted of the diameter p + д 
and distance d — 22 and for the latter cylinders the mean gra- 


dient d = ‚ the ratio of mean to maximum gradient oa, 


y 
d—2x 
and this the maximum gradient g, calculated for various values 
of z. 
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Representing then the length of the brush discharge by г, with 
constant р, d, and V, go decreases with increasing г, reaches a 
minimum and then increases again; or inversely, at a constant 
maximum gradient g,, with increasing length of brush discharge, 
the voltage required to give this gradient g, will increase, reach 
a maximum and then decrease again. "Thus if the terminal volt- 
age is gradually increased, as soon as the inaximum gradient at 
the terminals exceeds the breaking strain, a brush discharge will 
issue and thereby enlarge the size of the terminals by the space 
covered by the brush discharge, but at the same time decrease 
the maximum gradient at the surface of the effective terminals, 
that is, the space covered by the brush discharge, until the criti- 
cal point is reached beyond which a further expansion of the 
brush discharge increases the gradient at its surface again. At 
this point a disruptive discharge will take place. 

No satisfactory results were found, however, by this method, 
probably for the reason that : 

1st. The brush discharge at high voltage does not cover a | well 
defined distance, but consists of an infinite number of streamers 
issuing from the electrodes to a greater or lesser distance and be- 
ing in rapid and violent agitation. 

2nd. The space covered by the brush discharge is only partially 
broken down, that is while not having the dielectric strength 
of air before the break-down, its dielectric strength has not fallen 
to zero yet, as after the discharge. It thus represents electro- 
statically a similar condition as mechanically a medium under 
strain exceeding the elastic limit of the material. Under me- 
chanical stress, rupture does not always take place as soon as the 
strain anywhere in the cross-section exceeds the breaking strain. 

Comparing, for instance, a beam of the cross-section A in Fig. 
20 with that in n of the same figure, which latter differs only by 
the addition of the two small ribs a on top and bottom, it is ob- 
vious that B has no lesser strength than a. But at the extrem- 
ities of the ribs a the breaking strain is exceeded ata load far 
below that which would break down beam a. The result is that 
in the two thin ribs а, cracks are formed or the material strained 
beyond the elastic limit, and only at much greater load the break- 
down of the beam occurs. 

The tests made with spheres allows some further conclusions. 
The electrostatic field of force between two spheres of diameter 
n and distance d is similar to the field between spheres of diame- 
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ter n p and distance n d. Thus the ratio between mean and 
maximum gradient is the same. Hence, if disruptive discharge 
takes place at the same maximum gradient, in the latter case л 
times the striking voltage would be required. 

Since tests with four different diameters of spheres were made, 
this feature is easy to investigate. In the following a number of 
sets of readings are given abstracted from Tables II to V: 
Values are chosen in that range of voltage where the four curves 
differ most. The first column gives the diameter of the sphere 


OC 


a 


Кто. 20. 


р, the second column the striking distance d chosen proportional: 
to the sphere diameter, the third column the striking voltage, 
and the fourth column the ratio а of mean gradients of subse- 
quent lines. Аз seen, while constant dielectric strength of air 
would require a ratio a = 1, the ratio differs herefrom. This 
difference could not well be accounted for by a brush discharge 
depending upon the electrostatic gradient, and thus some further 
secondary effects are probable. 
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Diameter of Distance of Striking voltage, Ratio of 
spheres, inches. | spheres. inches. kilovolts. gradients. 
D:- 4: e a: 
1 8 98.7 
M 4 59 ies 
М 2 34 
1 6 87 i 
% 3 49-3 mat 
М 1» 29 
1 4 75.4 
м 2 4o uc 
Wu I 23.6 à 
2 6 115 
; 3 68.5 ы 
м 1 35.4 1186 
Kk КА 21 . 
2 4 103 
: э 59-5 er 
м 1 30 1.154 
М 14 17.3 
Average........ 1.155 


At half the distance, the gradient is 1.135 times as great. 
Thus, if 7, = gradient at distance 4, it is, at distance: 


. d = 2 di, 
the gradient : 

g = 1.135" 4, 
thus : 

(4 = 16 — n, 


[9 = In + nj1485, 
hence, eliminating n : 


188 /d + [д = .183 /d, + [g, 


у {1% — di g ; 


or: 
g m (l 
T ass 
d, 
— 817 
E uud. 
where: 
Y, 
.183 1 
a= Jı d, I ЕТ i 
S17 
di, 
or: 
d=bV'? , 
where: 
d, 
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This gives a parabolic law of striking distances in uniform 
field. 

According hereto the curve of striking distances should ap- 
proach the zero point horizontally, that is for very small voltages 
the electrostatic gradient should approach infinity and the strik- 
ing distance zero. This, however, is not the case, since even for 
very small voltages the striking distance and the gradient are 
finite. On the contrary, in the tests with spheres the gradient 
for very small distances approaches 75 to 80, about the same 
value as the dielectric strength of air as found with small cylin- 
ders. Hence, if а constant dielectric strength of air exista it 
would be somewhere between 60 and 80 kilovolts per inch. 
Some results are in favor but some in opposition to such a hypo- 
thesis. 


The curve of striking distance between sharp points has a very 
interesting shape. Up to 11" striking distance it is proportional 
to the voltage, and represented by the equation, 


d= .05 V 
or V = 20d, 


then it curves upwards and becomes a straight line again from 3” 
upward to the limite of test, at 143”. 


This straight line does not pass through the origin but through 
@ point at the voltage 22 or the distance —22, and can thus be 
represented by the equation, 


d —.195 V — 9.75, 
or, V = 8 d 4+ 22. 


This feature points to something like a spurious “ counter 
E. M. F. of the spark.” That is, beyond 3” distance, by assuming 
a potential of 22 as required for the discharge passing from the 
terminals to the air, the remaining voltage is proportional to the 
distance. For low voltages the curve leaves the straight line and 
slopes towards the origin, becoming straight again for still lower 
voltages. 

This shape of curve bears a striking similarity to the volt- 
ampere curve of the electric arc or to that of electro-chemical 
polarization. 

In the electric are under constant conditions the voltage is 
approximately proportional to the current plus a constant value, 
the spurious counter x. м. F. of the arc. 
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In an electrolyte the current is proportional to the voltage for 
small voltages below the counter Е. M. Е. of polarization. Ap- 
proaching the latter the current rises beyond proportionality, 
that is, the volt-ampere curve bends upwards, and ultimately 
turns into a second straight line, when the dissociation voltage 
V, is passed, which latter straight line does not pass through the 


origin, however, but through the point C — 0, V — V,, and 
thue can be represented by 


C=a V+ Va 


Thus the theoretical volt-ampere curve of the electrolyte is of 
the same shape as the distance-volt curve between points. 

Since with alternating x. м. F. the current in the electrolyte 
below the dissociation potential is essentially in quadrature with 
the £. м. F. the current over the whole range can be represented 
by the theoretical equation, 


С= үд VR HEV — VY 


where the latter term appears only beyond V = V, It is of 
interest to note that the curve of striking distance between sharp 
points over the whole range from the origin to the limits of ob- 
servation can be represented by 


d = V 08 VF iV у) 


This equation represents the curve absolutely as shown in the 
following comparison, where the first column gives the voltages, 
the second the striking distance taken from- test, and the third 
the striking distances as calculated from this formula : 


d = y dj? + d 


а, = .05 V 
dy = Л15 (V — 27.3.) 

V. d d 
calc : obs 

TU тышкы cud sr d odes (D opto eS de ce T .9 

ROY XuxeepesiedbeDx i ur ee I: ЕРИТРЕЯ 1.0 
DAE TET 1.88 6L: xs epis wed des 1.38 
"ji ccc 1:90 5592 leas Wut eet s 1.58 

РИТЕР bee evens 2. E E ae E 4.8 

907 жыйыны ы dx ec ties B.U- sien diese DUN P 8.5 
190' zd agi v A TRE SQ 12.99! Cacao sea Rip жык аран 12.25 
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The magnitude of this spurious counter E. M. F. or transition 
resistance of the spark is the same as that at which the brush 
discharge is formed. Not the electrostatic glow of bluish color 
which under favorable conditions can be observed already below 
1,000 volts, but the real brush discharge consisting of violet 
streamers issning from the terminals into the surrounding air. 

The tests with spheres show also more or less marked the 
appearance of straight lined parts in the curve, passing through a 
point differing from the origin. 

The most interesting feature in connection therewith is, how- 
ever, if an electric conductor as a brass disk is inserted into the 
path of the discharge. 

A considerable number of tests were made and are recorded in 
table 8, by inserting brass disks of different diameters and in 
different positions and different numbers into the path of the 
discharge between 1 '' spheres. The first column of table 8 gives 
. the number of disks used, the second the diameter, the third and 
fourth the position of the disks between the spheres, the fifth 
and sixth the total distance and the net distance between the 
spheres and the seventh the striking voltage. The last three 
columna give: 

As 4, the difference in the observed voltage and the striking 
voltage between 4” spheres at the same total distance without 
disks between them. 

As 4, the difference in the observed voltage and the striking 
voltage between 4” spheres at a distance equal to the net air 
distance between spheres and disks. 

As 4, the difference in the observed voltage and the striking 
voltage between +” spheres at the same distance as in the test, 
but in a line over the edge of the disk. 

It is of interest to note that the insertion of an electric con- 
ductor, as a brass disk, increases the voltage required to strike 
between the spheres, although the net air distance is reduced by 
the thickness of the disk. 

Thus with one 10” disk midway between 1 " spheres at about 
9" distance, 126 kilovolts are required to strike across, while 
after withdrawing the disk 100 kilovolts will strike; or in other 
words, at voltages between 100 on 126 kilovolts between 1" 
spheres and 9 "" distance in air, a disruptive discharge will take 
place, but will not take place any more if an electric conductor 
as a brass disk is inserted between the spheres. 
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The disks were suspended and insulated by three silk threada. 
Between 10 " and 15” disks, no difference seems to exist, but 6 " 
disks increase the striking voltage less, and still less 2” disks. 
In either of the two last cases, however. the striking voltage ia 
higher than would be required for a stroke from puse to sphere 
around the edge of the disk. 

This phenomenon could be explained by the fact that two 
sparks of half the length require a higher voltage than one spark 
of full length. This explanation, however, does not explain the 
observations on the 6" and 2" disks, where the voltage was 
higher than necessary for a single stroke through air around 
the edge of the disk, by 5.5 and 7.2 kilovolts respectively. If 
the disk is not midway between the spheres, but nearer to one 
side, the increase of voltage is less. 

Two disks equidistant from each other and the spheres, in- 
crease the voltage by the same amount as one disk in the center, 
and less if they are nearer to the spheres, and disks very close to 
the spheres even reduce the striking voltage, under marked 
capacity effects. "The same applies to three disks. 

That means, if the disks are very close to the electrodes they 
are probably brought in perfect electric connection therewith by 
the brush, and thus form a new set of electrodes. 

The increase of voltages due to the insertion of an electric 
conductor is from 23.5 to 27 kilovolts, that is about the same as 
the spurious counter к. M. F. of the spark, and would thus well 
agree with the assumption of such a phenomenon, since the inser- 
tion of & conductor increases the number of transitions from 
metal to air by two, and thus should require an increase of the 
striking voltage by the counter x. м. F. of the spark. 

The next table, No. 9, gives tests of striking distances between 
+’ spheres when an electric conductor, as a plank wetted with 
river water, is approached parallel to the discharge line. The 
effect thereof is a change of the striking voltage below that 
required for twice the distance between the spheres, but beyond 
that required for twice the distance between spheres and plank. 
That is, when the plank is approached so far that the single dis- 
charge between the spheres and the double discharge from 
spheres to plank have the same dielectric strength, the striking 
voltage is intermediate between that corresponding to the length 
of the direct discharge and a distance equal to the sum of the 
two discharges from spheres to plank. The difference in voltage 
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which would be required for direct discharge between spheres 
and for a discharge equal to twice the distance of the plank is 
18.5 and 15.3 kilovolts respectively in the first two cases, less in 
the last two, where probably the resistance of the plank as an 
imperfect conductor was noticeable. Making allowance for the 
latter, we find again a voltage of the magnitude of the spurious 
counter E. м. F. of the spark, as discussed under sharp point. 

Tests with the ironelad alternator between sharp points in air, 
in fog and in steam, point also to such a counter к. м. F. of the 
spark, or lesser magnitude with the ironclad alternator, due to 
the greater ratio of maximum to effective Е. M. Е. | 

These sets of tests with brass disks and wet plank were sug- 
gested by some observations inade three years ago with an iron- 
clad alternator and recorded on table I. 

To investigate whether the dielectrie strength of air was 
reduced in fog, as occasionally suggested at that time, & steam 
pipe was arranged below the discharge circuit and steam made to 
escape very slowly, so as to fill the whole space between the 
needle points with dense fog. Against expectation it was found 
that a much higher voltage was required to strike across 
the same distance in fog as in dry air. This is seen in Fig. 16. 
Hence fog increases the dielectric strength of air and reduces the 
striking distance very markedly. This may be explained by the 
assumption that the discharge is by the fog broken up in an 
infinite number of minute successive discharges, between the 
conducting fog particles, requiring a higher total voltage than the 
direct discharge over the same total distance. 

By turning full steam on, issuing from a boiler at 80 pounds 
pressure into the space between the needle points, the striking 
distance was still reduced further below that in fog, that is, live 
steam at atmospheric pressure has a much greater dielectric 
strength than dry air. 

From these tests, the following results are derived: 

lst. At constant voltage and constant wave shape, that is 
constant ratio between maximum and effective к. M. F., the 
striking distance is a constant, especially between sharp points, 
where the tests have been repeated over and over again, and 
independent of the atmospheric condition, the frequency, ete., to 
such an extent that the striking distance between needle points 
offers the most reliable means to determine very high voltages. 
For this reason, it is used in this manner as final check in all high 
potential insulation tests of the General Electrie Company. 
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2nd. No physical law has been found to represent satisfac- 
torily all the observations. Some point to the existence of a 
constant dielectric strength of air, analogous to the tensile 
strength of mechanics. Others point to the existence of a 
spurious counter E. M. F. of the spark or transition resistance 
from electrode to air. 

3rd. Constant dielectric strength. Cylinders of 1.11” dia- 
meter give an average disruptive strength of air of 60 kilovolts 
per inch. Cylinders of .815” diameter, an average dielectric 
strength of TT. Spheres at very small distance point toward the 
latter value. As a disturbing factor in this case, enters the elec- 
trostatic brush discharge, which by а partial breakdown of. the 
air surrounding the electrodes changes and increases the size and 
decreases the distance of the effective terminals. 

4th. Counter Е. M. Е. of the sparks. The tests with sharp 
points give 22 kilovolts, or 11 kilovolts for а single transition 
from terminal to air. Spheres give curves pointing to a similar 
phenomenon. Electric conductors inserted at right angles into 
or parallel with the discharge, point to the existence of a counter 
к. M. F. of the same magnitude. The beginning of the electro- 
static brush discharge is at a potential of this magnitude also. 

5th. Potentials of 160,000 volts effective and even up to 
170,000 volts have been experimented with. They are probably 
the highest voltages ever reached by man at ordinary frequencies 
with alternating currents of considerable power. 
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[COMMUNICATED AFTER ADJOURNMENT BY Mr. A. VosMAER.] 


We practical men must congratulate Mr. Steinmetz for such 
an excellent and valuable paper as he has given. Experimenting 
myself in the line of high tensions it has often puzzled me how 
to fix minimum distances for different parts of instruments and 
transformers, and information was not to be had. . 

We can find some tables of spark lengths and potential 
differences, but scientifie men like Daille, Paschan, Liebig, and 
others do not seem to have the slightest interest for alternating 
current, and do not generally extend their series wide enough. 

It matters very little indeed to us what tension corresponds to 
a spark of a fifteen thousandth of a millimetre or what it is in 
Bn or at low pressures, but it is of the greatest practical 
value to know the spark lengths in air and for alternating 
current. 

I would liketo ask two questions, how many werethe frequencies 
of his high frequency ironclad alternator and does Mr. Steinmetz 
consider a variation in the frequeney from 40 to 125 large 
enough to permit any conclusion as to the apparent independence 
of striking distance and frequency, it being well known that at 
very high frequencies the tendency for sparking is greatly 
diminished. 

Has Mr. Steinmetz also experimented with a specially con- 
structed high-tension transformer, and in consequence of experi- 
ence preferred four transformers in series with the complication 
of insulation by transformers! 

We have a one kilowatt 40,000-volt transformer in constant 
use, it never has given any trouble, but it was specially designed 
for the purpose, oil insulation being used though the secondary 
coils were made with the utinost care. 

We have had opportunity to see a 100,000-volt, 15-kilowatt 
transformer designed and constructed by Schneller, which does 
not even have oil insulation and has nothing else but air 
insulation ; that is all high-teneion parts are spaced wide enough 
to prevent sparking. 

or ourselves we preferred oil, because the dimensions of the 
air-insulated transformer are rather out of proportion; which 
means а great deal of copper in the secondary, and oil is cheaper. 
than copper. 

Nevertheless the transformer, in constant use, has always given 
full satisfaction. Schneller who has made a number of lower 
transformers used to couple these in series, ?. e., two of 30,000 
volts each; preferred to construct one for 100,000 and used a 
factor of transformation of 1000 which is a pretty good figure. 

The secondary tension could be easily measured because the 
secondary windings consisting of ten coils in series and one 
thus can measure one coil for itself with a static voltmeter. 
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As a matter of fact we have done the same for our trans- 
former, there being eight coils connected alternately at the center 
part and at the periphery, just as is done for large induction 
coils, each coil, after having been placed a good many hours in 
hot ceresin standing 10,000 volts without puncturing. 

I should prefer this to the arrangement given by Mr. Steinmetz 
as being far simpler. 

The good behavior of Sehnellers 100,000-volta transformer 
would suggest a similar behavior for one of 200,000 volts. 

As iid. Mr. Steinmetz'a contribution to our knowledge about 
very high tension alternating currents is a most valuable one, and 
. we express our hopes that he will investigate the dielectric 

strength of solid and fluid dielectrics in the same thorough bl 
as he has done for air. The future will bring us very high 
tensions in common use, and the value of elaborate tests is 
beyond doubt as regards general interests. 


Haarlem, Holland, July 24, 1898. 


[COMMUNICATED AFTER ADJOURNMENT BY Harop D. Smita.) 


The valuable paper of Mr. Steinmetz has to do with work on 
a subject which has been under investigation during the past 
year by Messrs. E. D. Paine and H. E. Gough, graduate students 
under my direction at the Worcester Polytechnic Institute. 

Their thesis on “High Potential Discharges in Dielectrics” 
involved the construction of a 150,000-volt transformer of 2U-K.w. ` 
capacity, which is interesting in that with a single transformer 
a ratio of 1: 1500 was secured, and the transformer has been 
operated to potentials above 170,000 volts without failure. 

The transformer was operated from the secondary circuit of 
a bank of smaller transformers, the potential of which was varied 
as desired from a small value to as high as 115 volts. The 

rimaries of the smaller transformers were supplied with current 
from a 30 к. w. Westinghouse smooth core alternator, giving 
sractically a sine wave of к. м. F. at a frequency of 133 cycles. 

he accompanying eut shows the construction of this transformer 
which was immersed in a tank of kerosene oil, preliminary 
experiments proving the value of this oil under the given 
conditions. 

The investigation of various dielectrics included a series of 
tests on the dielectric strength of air, and, while not as complete 
for this dielectric as those of Mr. Steinmetz, are of value in this 
connection as they entirely corroborate his results by an entirely 
independent investigation under nearly the same conditions as to 
methods of experimentation and apparatus used. There is no 
occasion to repeat the tabulation of our tests with sharp points 


No. 1.—150,000-Volt Transformer. 


No. 2.—Eighteen Inch Discharge. 


No. 3.—Thirty-one Inch Discharge on String. 


No. 4.— The Breaking Down of a High Potential Insulator at 90,000- V o]ts, 
Showing Material Ejected from Point. of. Rapture. 
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and spheres of small radius, as they would add nothing to resulte 
given by Mr. Steinmetz further than to add data agrceing almost 
exactly with that obtained by him. 

Our results show a corresponding constaney and reliability of 
length of spark gap as a measure of high potentials. i 

A photograph is shown of a discharge between !4" spherical 
terininals 18 inches apart which exhibits the same characteristics 
as those obtained by Mr. Steinmetz at shorter lengths. This 
discharge took place at a virtual voltage of 167,000 volts, 
corresponding to a maximum potential of 236,000 volts, and 
required at the transformer about fifty horse-power during its 
existence. | 

A discharge along a moistened string 31 inches long and the 
breaking down of a high potential porcelain insulator at 90,000 
volts are also shown. | 


| | Hanorp B. Smita. 
Worcester Polytechnic Institute, July 6th, 1898. 


1. ‘Photographic Investigation of a 150,000 Volt Power Disch x 
Electrical World, March 5, 1898. | B lid 
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TWO WIRE DISTRIBUTING SYSTEMS AND LAMPS, 
| 200—240 VOLTS. 


ur 


BY JOHN W. HOWELL. 


Distributing systems, operating at 200—240 volts with simple 
two-wire circuits, first attracted attention about four or five years 
ago. These early plants used two 110—120-volt lamps in series 
and were installed as a means of competing in cost of installa- 
tion with three-wire plants without resorting to the alternating 
current system, with its disadvantages where motors are oper- 
ated. 

The growth of these plants was slow until the demand created 
by them led to the production of the 200—240-volt lamp and 
practical experience had shown the weaknesses of these lamps 
and led the makers to overcome the difficulties met in their 
manufacture. 

What these weaknesses were, can be judged by the following 
extracts from previously published articles: 

“ The consensus of opinion at the present day of the average 
types of high-voltage lamps undoubtedly points to the fact that 
a large percentage are expected to short-circuit as soon as they 
are put up, and I have heard several engineers say that they 
expect about one in twelve to go in this way." 

* There is. no doubt whatever that almost all the present day 
200-volt lamps are only suitable for burning in a vertical posi- 
tion. As soon as any other position is adopted defects become 
prominent. The long thin filament soon drops onto the bulb 
and cracks it. Also electrostatic attractions, owing to higher 
voltage, cannot be resisted by the long thin filament, and this 
is an additional cause of the filament approaching the bulb. 
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The effect of electrostatic attractions on long thin filaments 
is even noticeable with lamps burning in a vertical position." 

These are extracts from a paper read by Mr. G. Bingswanger 
Byng before the British /nstitution of Electrical Engineers on 
February 24th, 1898. | 

These defects have been entirely remedied, and the experi- 
ence of тапу plants operating 200—240-volt lamps during the 
past year proves these lamps to be just as reliable in service 
as are 110-volt lamps. The development of the lamp has taken 
considerable time, and the growth of the 200—240-volt 2-wire 
system in spite of the shorteoming of the early lamp is due 
to compensating advantages in other elements of the system. 

These advantages over the three wire system are—(1) cheapness 
of installation and (2)—simplicity of operation. 

1.—Cheapness of installation of the 200—240-volt 2-wire 
system, when compared with the 110—120-volt 3-wire system, 
arises from tlie use of a single large dynamo where the three- 
wire system requires two, each having half the capacity; with 
the accompanying duplication of regulating apparatus, indicators 
ammeters, ete. There is also a saving of the entire cost of the 
neutral conductor of the 3-wire system, which conductor in street 
mains (as distinguished from feeders) and in house wiring, should 
be as large as the outside wires. 

Three-wire plants in cities, whose business warrants the em- 
ployment of the skill necessary to operate the system to best 
advantage, successfully use 110—120-volt 3.1 watts per candle 
lamps and get very excellent results from them. The 200—240- 
volt 2-wire system cannot be considered а competitor of the 
3-wire system under these conditions since the best 200- —240- 
voltlamp on the market to-day is a four watts per candle lamp. But 
it is my opinion that in smaller installations, whose conditions 
call for a 3.5 watts per candle lamp when а 110—120-volt 3-wire 
system is used, the advantages of the 2-wire 200—240 volt system 
are sufficient to offset the disadvantages of a 4 as compared with 
a 3.4 watts percandlelamp. Under normal conditions the perform- 
ance of the present four watts per candle 200—240-volt lamp as 
regards life and maintenance of candle power is about 25 per cent. 
poorer than the present 3.5 watts per candle—110—120-volt lamp. 
but it is my opinion that the greater irregularities in pressure 
ordinarily found in the 3-wire plants we are now considering. as 
compared with the 2-wire plants operated under similar condi- 
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tions, fully counteract, by their injurious effects проп the lamps, 
the advantage in life and candle power which the 110—-120-volt 
3.5 watts per candle lamp has under normal conditions over the 
200— 240-volt four watts per candle lamp. 

In considering the relative advantages of the two systems, in 
the case of moderate sized plants above referred to, we must 
charge against the saving effected in a 2-wire plant by its single 
equipment and omission of the neutral conductor, the increased 
capacity of machinery and conductors made necessary by a four 
watts per candle as compared with a 3.5 watts per candle lamp. 

Considering the copper required by a 220-volt 2-wire system 
using four w. Р. с. lamps as our unit, the copper required by the two 
outside conductors of a 110-volt 3-wire system using 3.5 № .P. c. 
lamps will be .875. The amount to be added to this for the 
neutral conductor will vary somewhat with location of the station 
with reference to the points of consumption. If we assume that 
one half the copper is installed for feeders and one half for the dis- 
tributing mains, and that the neutral wire is one third the size of the 
outside wire in feeders and the same size in mains, then the total 
copper in the neutral conductors of feeders and mains will be 29 
per cent. of the amount used in the 2-wire 220-volt system, and 
the total copper used in the 110-volt 3-wire system will be 16 per 
cent. greater than the copper used in the 220-volt 2-wire system. 
This comparison of the costs of copper does not consider the cost 
of wiring customers’ premises, which is usually borne by the cus- 
tomer; it із, however, an advantage to the 220-volt system that 
this wiring will require at least 20 per cent. more copper for the 
3-wire 110-volt system than for the 220-volt 2-wire system. 

The 4 w. р. c., as compared with the 3.5 w. р. c lamp, would 
require for the 200—240-volt 2-wire system, one seventh greater 
capacity of boilers, engin s and dynamos than would be required 
for the 3-wire 110— 120-volt system. 

The duplieation of apparatus required for the 3-wire system 
will only partly offset this increased cost in the 2-wire 200—240- 
volt system, but the cost of this duplication of apparatus, to- 
gether with the increased cost of copper required, will in many 
cases make the cost of mstallation of the 3-wire system at least 
equal to that of the 200—240-volt 2-wire system, leaving the 
simplicity of operation of the 2-wire system to be balanced against 
the increased cost of fuel required to operate 4 w. r. c., as com- 
pared with 3.5 w. r. c. lamps. 
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During the time the plant ie operated considerably below its 
rated capacity, which will probibly cover even the maximum load 
during the first year of the plant’s existence, and all butthreeor four 
hours per day at all times, I think the increased fuel consumption 
due to 4 w. P. c. lamps will not be appreciable because of the poor 
efficiency of boilers and engines with light loads, and the total 
increased consumption of coal during the year will, I believe, be 
a small consideration under most circumstances, and in my 
opinion not enough to balance the simplicity of operation above 
noted. 

A few months ago I made a trip through some of our central 
states, visiting a number of 200—240-volt plants to get a knowl- 
ledge of the practical workings of the systems from the persons 
actuallv operating them, hoping to get from their experience, 
information concerning existing conditions which would be of 
value in the lamp factory. 

Naturally, my first questions to the man who operated the 
plant concerned the lamps; were they generally satisfactory ? 
were they long lived? did they ever explode? I was greatly 
pleased with the answers I received. The lamps were reported 
to be almost universally satisfactory. They were very long lived, 
in fact too long lived, for better service would be rendered if the 
lamps were renewed when tliey began to get dull, and not allowed 
to remain in service after they ceased to give a first class light. 

These 4 w. P. c. 200—240-volt lamps may be used for 600 hours 
and still give a good light, but I think this is about the limit of 
their useful life. If not taken in they will keep on burning for 
a long time and will give an average life of over double that 
figure before breaking. 

The reports concerning exploding were equally satisfactory. 
For the past year or more, exploding lamps had been practically 
unknown; previous to that time, however, this had been one of 
the most serious objections to the system. 

All these plants have been installed with switches, cut-outs, 
and other appliances made for 110—120-volt installations, and it 
is remarkable how little trouble has been caused by them. 

Sockets.—Ordinary key sockets have been freely used and 
experience has shown the Edison serew socket and lamp base to 
be preferable to other types. Some engineers recommend keyless 
sockets and good snap switches, to avoid possible failure of the 
key socket to break the circuit. 
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In order to get the desired factor of safety, the General Electric 
Company has recently developed a special key socket for this 
work, having a break-gap twice as great as the sockets designed 
for 110—120-volt systems, and having a fibre insulating lining 
between the outside shell of the socket and the screw shell which 
is connected with the circuit. This fibre lining projects sufti- 
ciently beyond the screw shell to prevent contact with the circuit 
when the lamp ів in the socket. The lamps are provided with 
short bases designed to be completely covered by this fibre lining, 
80 it is impossible to get a shock by touching the lamp when it is 
burning. 

Flexible Cord.—Flexible cord has been freely used, and is all 
right if the best quality is used. For this purpose the conductors 
should be covered with rubber ,'," thick and the outside covering 
should be silk, or if cotton it should be elicked with a compound 
which makes it non-inflammable. 

Rosettes.—Rosettes designed for 110—120-volt circuits having 
fuses, have given a good deal of trouble, во it has become good 
practice to leave out the fuse wire and put copper wire in its 
place thus having no fuse between the lamp and the fuse block 
close to the switch controlling the circuit. 

The General Electric Company has produced a new porcelain 
rosette with fuse wires over one inch long, which have been 
severely tested with very satisfactory resulta. Their use with 
fuses will give protection to individual lamps, which is very 
desirable, as it increases the safety of the wiring. | 

Cut-outs.—Fusible cut-outs designed for 110—120-volts, have 
failed in many instances, and have often proved much more 
fusible than their makers expected them to be. 


A complete line of fuse blocks carrying special 200 — 240-volt 
fuses has been developed recently by the General Electric Com- 
pany. These are fitted with the cartridge type of fuse, the fuse 

ing contained in a tube which is provided with brass terminals 
which fit in spring clips on the fuse block. The fuse wire is in- 
side the tube and is soldered to the brass terminals. The tube is 
then filled with a plaster compound which smothers the arc 
formed when the fuse blows. "These fuses have been severely 
tested with 500 volts, and currents many times their rated capaci- 
ties, and have always opened the circuits without a flash. 

Switches.—Standard knife switches or quick-acting snap- 
switches having large break distances, should be used. Such 
switches specially designed for 200—240-volt installations are 
now being developed. 
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Wering.—Standard methods of wiring for 110—120-volts are 
approved for 220—240-volts. Good rubber covered wire run on 
porcelain knobs or cleats is specified by the fire underwriters. 


Arc Lamps.—Good аге lamps burning two in series on 220- 
volt circuits are on the market. Each lamp is provided with an 
automatic cut-out which throws an equivalent resistance into the 
circuit when one lamp is extinguished, thus permitting the use 
of one lamp if desired. 


Future.—The future of the 200—240-volt system depends 
largely upon the development of a more economical lamp. All 
other elements of the system can be made entirely satisfactory 
with the means and knowledge now at our command. but the 
production of a more economical lamp calls for an advance in 
the art of lamp manufacture. That this advance will be made 
and а more economical lamp will be produced, I have no doubt, 
and hope to see such a lamp placed upon the market at.an early 
date. 


Discussion. 


Pror. Gro. D. Survarpson said that high-voltage systems 
should be planned with an ample reserve of generating machin- 
ery for the following reasons: lirst, that high-voltage lamps are 
of low economy, generally + watts per candle-power initial, and, 
ou account of the difficulty of getting a sufficiently high resis- 
tance, are generally of large candle-power, starting at 18 or 20 
and running up to perhaps 22 c. r., making a double increment 
of the load. The d aono: must, therefore, not only he 25 per 
cent. larger because of the шећсіепсу of the lamp, but about 20 

er cent. more on account of tlie increased candle-power of the 
amps. Не thought that the disparity between the 110 and 220- 
volt lamps was likely to remain, since any improvement in the 
one would effect a similar improvement in the other. One rea- 
son for the comparative perfection of the 220-volt was the very 
difticulty in manufacturing, since only the best manufacturers 
eould solve the problem at all, while anyone could make a 110- 
volt lamp. The illumination of 220-volt lamps is, as а rule, 
steadier than that from 110-volt lamps, since, with the same 
voltage regulation, the eandle-power varies much less in lamps 
of the lower economy. 

Мв. Н. Н. НсемьнкеҮ stated that the rate of improvement of 
the 220-volt lamp was much faster than that of the lower volt- 
ages, and that the difference between the two would, in his esti- 
mation, soon vanish. While one year ago it was ditfieult to get 
any guaranty or even promises from the lamp manufacturers, 
his company has lately ordered 10,000 lamps with guaranties 
nearly as good as can be obtained for 3.5 watt 110-volt lamps. 
The guaranteed life was just as high, but the drop in candle- 
power was allowed to be a little greater. 


A Paper presented at the 15th General Meeting 
of the American Institute of Electrical En- 
gineers, Omaha, June 27th, 1898, President 
Kennelly in the Chair. 


A CAPILLARY ELECTROMETER FOR ELECTRICAL 
MEASUREMENTS. 


BY CHARLES FREDERICK BURGESS. 


Many of the measurements made in practical engineering 
work require the use of a sensitive electrical instrument, and 
owing to the demand for such an instrument the zalvanometer 
has reached a high degree of perfection in some of the latest 
and improved forms. There is still much to be desired, how- 
ever, in the wav of portability, rapidity of reading, simplicity, . 
cost, and freedom from the effects of mechanical vibration and 
varying magnetic field. There can scarcely be a call for an 
instrument of greater sensitiveness and accuracy than that 
which the galvanometer gives us when properly constructed and 
used, and in fact this sensitiveness might well be reduced in 
many cases if by so doing some of the disadvantages in its use 
might be overcome. 

It is my purpose to call attention to the applicability of the 
capillary electrometer for practical electrical measurements, as a 
means of overcoming some of these defects. Although the prin- 
ciple upon which this instrument works was discovered about 
twenty years ayo, its use has hardly extended beyond a very 
limited application in scientifie research, and frum some of the 
excellent properties which it holds as a measuring instrument, 
this seems to be a surprising fact. 

This principle is the change of surface tension of two liquids 
which are in contact (preferably mercury and dilute sulphuric acid) 
in а capillary tube, and the meniseus which is formed as the 
separating surface moves, upon the applieation of a potential 
difference to the two liquids in question. It is the movement of 
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this meniscus which corresponds to the movement of the galva- 
nometer needle, in using it as & measuring instrument. I do not 
propose to enter upon a scientific discussion of the phenomena 
of surface tension, capillarity, and the change of surface tension 
under the influence of electrical potential which are here utilized, 
as this has been completely done in a number of scientific publi- 
cations,’ but will give a description of a certain form of this 
instrument and enumerate some of its principal characteristics. 


Fic. 1. 


The only reasons for the comparatively limited use to which 
the capillary electrometer has been put, appear to be that it has 
not been made into a portable form, as glass and two liquids 
enter into its construction, and that great care is necessary to 
keep it in good condition. The form of instrument herein 
described was designed with the view of overcoming these objec- 


1. The Capillary Electrometer, George J. Burch, Lond. Electrician, '96, 
'* Lehrbuch der Allgemeinen Chemie."—Ost wald, Vol. H., p. 485. 
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tions. Fig. 1 illustrates the construction, T being a rather thick 
glass tube having a platinum wire sealed in the lower end. А 
layer of mercury covers the platinum wire, and the tube is nearly 
filled with the electrolyte £, which consists preferably of a dilute 
solution of sulphurit acid. A capillary tube c, made by drawing out 
& piece of thermometer tubing, rests against the side of the 
glass, and is held firmly in place by a tightly fitting rubber 
stopper inserted in the top of the large glass tube, enclosing an 
air space A above the electrolyte. A piece of flexible rubber 
tubing is fitted on the upper end of the capillary and wrapped 
tightly to prevent leakage. This tube, being filled with pure 
mercury is closed by a piece of glass into which platinum wire 
is sealed, and again wrapped tightly with copper wire. On com- 
pressing the pinch-cock P, mercury is forced through the capil- 
lary and upon slightly releasing the pressure tle mercury is 
drawn back, being followed by the electrolyte. The instrument 
is then ready for use. A microscope M containing a micrometer 
eye-piece is held on an adjustable support, and is used for 
noting the movement of the meniscus. The glass tube is held 
firmly by a brass collar attached to an ebonite upright. Two 
binding posts, s, в, form the terminals of the instrument, x being 
the key which short-circuits it when not in use and connects the 
electrometer with the binding posts when depressed. The con- 
necting wires are placed in grooves between the two parts of the 
base. 

This instrument is one which may be tipped in any position 
without injury, it is as portable as any instrument made partly 
of glass can be, and it may readily be taken apart for the pur- 
pose of cleaning or renewing its parts. It will respond to а 
difference of potential of one one-thousandth of a volt, though 
with proper attention to its construction and by use of a suitable 
microscope its sensibility may be increased ten-fold or even 
greater. If a pressure over a volt is applied to the termi- 
nals an electrolytic action will occur, with the liberation of a 
bubble of gas or the formation of a cloudy precipitate at the 
meniscus, depending upon the polarity. This will destroy the 
sensibility, but the defect can be easily remedied by compressing 
the rubber tube until a drop of mercury flows through, and on 
releasing the pressure the instrument is again ready for use. 
The adjustment of the meniscus on the micrometer scale may 
be made either by moving the microscope or by means of the 
pinch-cock. 
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The direction of movement of the meniscus depends upon the 
polarity, and the extent is approximately proportional, through a 
limited range, to the potential. This is not absolutely во, for it 
would entail the use of a capillary of absolutely uniform bore, 
which would be difficult to attain. For this reason it is alinost 
essential to use it as a zero instrument. 

The meniscus moves, not by reason of а passage of current 
through the instrument, but by the application of a potential 
difference which gives it a certain electrostatic charge. In other 
words, it may be said to be a condenser which automatically 
registers the amount of charge which it holds. An addition of 
resistance in circuit will in no wise decrease its degree of sen- 
sitiveness, though it will make the movement of the meniscus 
somewhat slower. With the instrument described, an applica- 
tion of a pressure of .005 volt produced a deflection of eight 
divisions on the scale whether this pressure was applied direct 
or through a resistance of 100,000 ohms. 

On pressing the eleetrometer key the meniseus may move very 
rapidly if a potential difference exists at terminals, and again on 
closing the short-circuit key it will quickly return to its zero 
point without vibration. lt may be subjected to almost any 
amount of mechanical vibration without moving the position of 
the meniscus on the scale. 

The principal characteristics may be summed up as follows: 
The instrument is of very simple construction and can be made 
by any one fairly expert in glass manipulation. It is very light 
and compact, and requires little space for its operation. The 
instrument deseribed weighs two pounds and occupies a space of 
77х57 x6". In the way of portability little more can be de- 
sired. [t may be quickly set up for use, requiring no leveling, 
and the adjustment may be rapidly made. No serious damage 
such as a burnout can oceur by the accidental application of even 
a very high pressure. The breakage of any of its parts can be 
repaired with little trouble and at slight expense. One of these 
instruments has been in use for nearly a year and the only repairs 
necessary on it was in once refilling the rubber tube with mer- 
eury. The entire absence of the effect of mechanical vibration 
and varying magnetic tield will especially recommend this instru- 
ment. On the other hand, it can hardly be made with the 
degree of sensitiveness which may be given the galvanometer, 
and it las to be used as a zero instrument. 
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Measurement of Insulation Resistance.—Having had occasion 
to measure the insulation resistance of a large number of samples 
of rubber covered wires in lengths of 500 feet, I attempted to 
make the measurements with a four-coil Tliomson astatie galva- 
nometer, using the well-known direct deflection method, and 
encountered all the difficulties which are attendant upen the 
measurement of such high resistances, and was unable to obtain 
satisfactory results, owing to the mechanical vibrations in the 
building in which the work was to be done, and to the constantly 
changing magnetic field produced by electric machinery opera- 
ting in the room below. When trouble was not experienced from 
this last source, the movement of cars on an eiectric railway 
several hundred yards away caused a decided swing of the gal- 
vanometer needle. An improved and sensitive form of D'Arson- 
val galvanometer was then used, by means of which these 
influences were greatly reduced, though not entirely eliminated. 
The tendency of the suspension wire to take a set if the swing 
of the coil was somewhat large, made a frequent determination 
of zero necessary, and this, together with the length of time 
required for the mirror to come to rest made the measurement 
of a large number of resistances slow and tedious work. 

To use a battery of ch'oride of silver cells for such measure- 
ments may well be objected to for testing insulated conductors, 
and especially those which are to be used оп high-tension work- 
ing, on account of the comparatively low electromotive force 
which is necessarily used, and the internal resistance of the cells 
which is a greatly varying quantity and may sometimes reach 
an enormous value. It is desirable in such measurcments that 
the wire shall be tested under actual working conditions, and a 
pressure even greater than that for which it was designed is prefer- 
able. For this reason, a one к. w. dynamo to be operated at a 
pressure of 1,000 volts was obtained. This was belt-driven from 
a motor, and it operated at a fairly constant pressure, but upon 
attempting to employ the galvanometer for the measurement of 
the current flowing through the insulation, it was found that 
even the slight variations of pressure, combined with the elec- 
trostatic capacity of the cable under test, caused disturbing 
currents to flow through the galvanometer, thus preventing the 
needle from taking a steady deflection. 

The attempt was then made to employ the capillary electrom- 
eter in place of the galvanometer, and the results obtained 
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were во satisfactory that I feel justified in describing the method 
used and the results obtained. On account of the electrometer 
being a zero instrument, the direct deflection method cannot be 
used, and a compensation method is employed; the method of 
operating being as follows. Fig. 2 shows arrangement of con- 
nections for the test. 

A known resistance в (preferably 1,000,000 ohms) is placed in 
series with the generator and the insulation to be measured. 
The electrometer c is emploved in measuring the fall of 
potential across к by the compensation method of introducing а 
pressure in series with the electrometer which shall just neutral- 
ize the pressure across R. When this has been effected, the 


E 


e 
Fra. 2. 


depression of the electrometer key will produce no movement 
of the meniscus. It is therefore necessary to have an electro- 
motive force which mav be varied at will. À convenient method 
of obtaining this pressure is the following : 


Fig. 3 represents plan of resistance box, the terminals of which 
are binding posts A, B, c, р, E. Between р and к are connected 
coils of german silver wire arranged in series, and giving a 
resistance of 1,000 ohms. This resistance is subdivided into nine 
100-ohm coils and ten 10-ohm coils, the ends of which are con- 
nected to brass terminals and numbered as shown. Two brass 
arms which are connected with wires to binding posts a and в 
make contact with the resistance terminals. It is by noting the 
position of these arms that the pressure between a and B is 
determined, that pressure being the resistance included. between 
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the two arms x a constant pressure at terminals р к, + 1,000. 
When the balancing pressure requires that the contact be made 
between the terminals of one of the ten-ohm coils, the resistance 
which would produce an exact balance, may be calculated by 
interpolation with a fraction of an olim, this being done by 
noting the distance of movement of the meniscus of electrometer. 
A 9,000-ohm coil between c and p enables the pressure across 
р E to be one-tenth of the pressure of the battery or other sources 
of constant pressure connected to c and E. 

The data necessary to derive the value of insulation resistance 
then is the value of the compensating Е. м. Е. which may be 
obtained directly from the reading of the box в when a balance 


Fie. 8. 


has been effected. Any ordinary form of primary or secondary 
cell may be used for pressure £'. The expression for insulation 
resistance 18 

Resistance — ee 1,000,000. 
` The constant is 1,000,000,000 x/x!, and the ratio E/E! may be 
derived by means of a voltineter, or if such instrument is not 
available, by balancing the smaller pressure in cireuit with the 
electrometer and terminal a в against the larger pressure con- 
nected to c Е, the volume being 1,000 - box reading. 

When dynamo pressure is used for testing, the variations in 
current flowing through & caused by slight but rapid fluctuations 
of applied pressure and the electrostatic capacitv of the cable, 
will produce & very rapid movement of the meniscus which will 
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interfere seriously with its use unless suitable precautions are 
taken. Theinfluence of this variable current upon the electrometer 
may be reduced to an unnoticeable amount by placing a con- 
denser across the terminals of the electrometer. To effect this, 
however, a comparatively large condenser capacity is necessary, 
ten microfarads being used in the apparatus which I employed. 
The following arrangement proved much more satisfactory how- 
ever than the ordinary form of condenser first used. 

Fig. 4 shows an н tube of glass closed at the lower ends in which 
platinum wires are fused. These wires are covered with mercury 
and the tubes then nearly filled with an electrolyte, very dilute 
sulphuric acid being suitable. The platinum wires are connected 
to electrometer terminals and the appliance entirely absorbs the 
fluctuations which would otherwise cause violent movements of 
the meniscus. It will be seen that this is really a modified form 


Contest maxen | 


Reversin Key 


Etectrometen 
Fic. 4. Кө. 5. 


of the electrometer in which the surfaces of contact of electro- 
lyte with mercury is rather large. Using tubes .5” in diameter 
a condenser of 100 microfarads capacity may readily be obtained. 
If this capacity is too great however, the movement of the 
meniscus in the capillary tube may be so slow as to consume 
considerable time in waiting for it to come to rest. The capacity 
may be varied by varving the amount of mercury surface exposed, 
or by changing the density of the electrolyte. 

By such an arrangement the pressure from any ordinary direct 
current dynamo running at a reasorably constant voltage may be 
utilized in the testing of insulation resistances 

Values for insulation resistance may be obtained with con- 
siderable accuracy and speed; and values as high as 20,000 meg- 
gohms have been measured. The limit may be made very much 
greater by increasing the sensitiveness of the-electrometer or by 
increasing the value of n. 


1898. ] BURGESS ON CAPILLARY ELECTROMETER. 345 


А portable testing set which I have been using for some time 
consists of the following parts :—Chloride of silver testing bat- 
tery of about 50 volts; capillary electrometer with microscope 
and short-circuit key ; graphite resistance of one megohm ; thou- 
sand ohm subdivided resistance box; а 1.5-volt dry cell. The 
weight of set, exclusive of 50-volt battery is six lbs., the chloride 
of silver cells weighing 10.5 Ibs. The range is from О to 5,000 
megohms. 


Measurement of Electromotive Force,—The electrometer with: 
subdivided resistance box may be used for the measurement of 
direct pressures up to 150 volts with an accuracy of one-tenth of 
one per cent., provided resistance is accurate. The standard for 
comparison is the standard cell of known x. м. r. The pressure 
to be measured is placed across terminale p. к. if less than 15 
volts and between c. к. if greater. The balance is effected with 
standard cell in series with electrometer and connected to termi- 
nale A. B. 

As the cell in series with the electrometer is nut called upon 
to furnish an appreciable current, this affords an excellent appa- 
ratus for electrolytic measurements such as polarization pressures 
and contact electromotive force set up between metals and elec- 
trolytes, where the passage of an appreciable current would cause 
a variation in the pressure. If the pressure to be measured is of 
such a nature, the voltage at p. E. mast be known, which may be 
furnished by any of the ordinary forms of cells which will not 
polarize appreciably when connected through 1000 olim. 

Values of current тау be obtained by the use of standard 
resistances of large current carrying capacity, the drop through 
such standard being measured by connecting it in electrometer 
circuit. | 

The calibration of direct current ammeters and voltmeters may 
be conveniently and rapidly carried out with the above arrange- 
ment. 

This form of electrometer is especially suited for use in the 
dynamo room or in the neighborhood of moving machinery, on 
account of the small amount of space necessary for its operation, 
the rapidity with which measurements may be taken, and the 
entire freedom from external influences. It Пак been used to a 
considerable extent in the laborateries of the University of Wis- 
consin iu obtaining current aud pressure curves on alternating 
current machinery, and has proved satisfactory where, other 
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forms of measuring instruments had failed. The method of 
using this instrument for tracing alternating current curves is in 
substituting it for the galvanometer or the telephone receiver in 
the method proposed by Mershon’, Fig. 5. It is superior to the 
telephone receiver from the fact that its readings depend upon 
the eye rather than the ear; the direction in which the slider 
must be moved to effect the balance can be detected immediately 
by noting the direction of movement of the meniscus; in addi- 
tion, the telephone receiver is difficult to work with on account of 
the noise of belts and machinery and the induction which is set up 
when used in the neighborhood of alternating current apparatus. 
The degree of accuracy is considerably greater as is also the rapidity 
with which curves can be taken. For use in this work a micro- 
scope is unnecessary, and when the movement of the meniscus 
is too rapid and of a fluctuating nature due to unsteadiness of 
the compensating pressure or other causes, a condenser similar 
to the one described above may be used as a damper. А resist- 
tance placed in series with the electrometer will also serve to 
increase the period of movement of the meniscus. 

The above are some of the measurements in which the use of 
the electrometer has been tested, and the many advantages 
which have been found for it leads me to believe that it might be 
advantayeously used in many other measurements in practical 
engineering work, especially in those where a great degree of 
sensitiveness is not required. In any of the modified forms of 
Wheatstone bridge methods for the measurement of resistance, 
induction and capacity it should prove a serviceable instrument. 
For use on shipboard it would be the ideal instrument as far as 
the rolling, aid the jars due to moving machinery are concerned. 

Another property of this instrument, and one which might be 
utilized to advantage, is the great rapidity with which the 
meniscus may move under a variation of pressure. It has been 
shown that alternating curves of a frequency of 120 per second 
may be obtained by a photographic record of the excursions of 
the meniscus, as well as the currents of much greater frequency 
which the telephone line transmits.” 


In reply to an inguiry by Prof. Shepardson as to what extent 
inertia would enter in using the capillary electrometer for tracing 
alternating current waves, the author replied that the capillary 
electrometer may be made so that the effect of inertia of the 
mercury column, under the influence of an alternating pressure, 
will be inappreciable. This is well illustrated by the fact that 
Bureh, in the work referred to, succeeded in reproducing the 
curve of a telephonic current having a frequency of about 600 
alternations per second. 


1. ** Alternating Currents and Alt. Current Machinery,” by D. C. and J. Р. 


Jackson, p. 597. 
2. “ The Capillary Eleetrometer," George J? Burehy Lond» Electrician, '96. 
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A MODERN ELECTRIC CENTRAL STATION. 


BY GEORGE A. DAMON. 


The plant of the Imperial Electrie Light, Heat and Power 
Company, of St. Louis, Missouri, is interesting at this time, as it 
is a good example of the present tendency in electrice power 
station practice. 

The designers of this installation were not burdened at the 
outset with the complication of an old system of distribution, 
nor were they confronted with the necessity of adapting a 
new station to the use of generating machinery already on 
hand. Everything was to be modern, and the engineers in 
charge of the work were free to adopt the plans which seemed 
best suited to the existing conditions. The territory to be sup- 
plied with electrical energy was a down-town district, and the 
character of the load to be expected, included arc and incandes- 
cent lighting as required in stores, hotels, office buildings, and 
theatres, with more than the ordinary amount of motor work for 
elevators and light manufacturing establishments. 

In planning an installation for a commercial enterprise of this 
character two conditions are imposed upon the designer. First, 
the service supplied the customer must be absolutely reliable. The 
earning capacity of the whole enterprise depends primarily upon 
the ability to furnish a continuous electric service, and any im. 
pairment or interruption would be a serious drawback to the suc- 
cess of the undertaking. After reliability has been secured, the 
second problem is to deliver to the customer electrical energy at 
the least possible cost, considering interest upon first investment,. 
maintenance, and all other factors which enter into operating 
expenses. The engineering success of the enterprise, viewed 
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from a commercial standpoint, will be measured in the propor- 
tion that the completed work meets these two requirements of 
maximum reliability and of economy, consistent with minimum 
investment. І 

The system which has been adopted as the one best fulfilling 
all the conditions in this particular case, involves the use of the 
direct current 220-volt incandescent lamp; the location of the 
station as near as possible to the center of distribution; the 
operation of generators capable of delivering current at a poten- 
tial of 500 volts, a special arrangement of the generating units, 
and the installation of & storage battery in the plant to aet as an 
accumulator, and also to operate in parallel with the generators as 
an equalizer. Thegeneratorsare run at a potential enough greater 
than 440 volts to overcome the line loss, and the motor circuits are 
at present operated at this potential. The storage battery across 
the outside mains allows 220-volt incandescent lighting feeders 
te be distributed over the distriet. 

[t is not the purpose of this paper to discuss the 220-volt 
lamp question, any more than to indicate that the adoption of 
this lamp, after a careful investigation, for a central station of this 
size and importance, shows considerable faith in its possibilities. 
The greatly reduced investment required for copper distribu- 
ting feeders for a 220-volt system from that required by the 
usual direct current 110-volt system, the enlargement therefore 
of the territory which could be supplied, as well as the better 
quality of light and the possibility of operating small 220-volt 
motors on the same circuits, were the main advantages which led 
to the adoption of the 220-volt lamp. The lower efficiency 
and the higher first cost of the lamp as compared with the 
110-volt type was recognized, but these points are yielding to 
development, and it is thought that the difference between the 
two lamps in respect to efficiency and price is sure to become 
much less as the demand for the new lamp increases. 

Local conditions made the location of the plant a much 
simpler problem than is usually the case. To have secured free 
water for condensation purposes would have removed the plant 
much too far from the center of distribution. The difference 
between drayage charges on the coal delivered to the station 
on its present. site, and the cost of bridge tolls and switching 
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charges which would have been necessary if the coal had been 
delivered directly from the cars, is only 15 cents per ton in favor 
of the latter plan, and this is not enough to justify the extra 
expense in feeders which would have been required to have 
located the plant on a railroad switch. No doubt, there- 
fore, was entertained in regard to the advisability, in this par- 
ticular case, of carrying the fuel of the plant in wagons from the 
railroad to the station at the center of supply, rather than trans- 
mitting the product of the plant over copper conductors the 
same distance. 

The advantages of supplying all classes of service from one 
type of generator, thus simplifying the distribution circuits as 
well as the arrangement of the station, and at the same time 
inereasing the economy of the plant by reducing the amount of 
both fuel and labor required were not forgotten. At periods of 
light loads it js possible to furnish the entire output for incan- 
descent lamps, are lights and motors from one generator, while 
during the hours of minimum demand the load may be carried 
by the accumulator. The recent rapid progress of the storage 
battery in this country has been brought about only after a dis- 
eussion which has made the economic advantages of a battery 
auxiliary in connection with a central station system, matters of 
common information, and therefore they need not be discussed 
at great length at this time. 

The battery in this case is to be used in the ordinary manner. 
During periods of light loads it will aceumulate a charge to be 
given out again at times of sudden demand, or in order to 
earry the plant over the peak of the load. The ability of a 
battery to respond immediately to unexpected demands, is one 
of the most advantageous features of an &ecumulator auxiliary. 
The necessity of carrying a sudden increase in the load arises 
continually in central station operation, and usually this condi- 
tion requires that a reserve of boilers, engines and generators be 
held always in readiness under steam. Many central station 
managera keep a generating unit turning slowly over, ready to 
take its share of the load at a moment's notice, greatly in- 
creasing what may be called the “ stand-by” losses of the plant, 
and thus sacrificing the economy of operation of the station to the 
integrity of its service. An accumulator of proper proportions 
will take care of these extra unexpected loads with much better 
fuel economy and at considerable saving in labor and worry. 

The battery acts in the same manner in earrving the peak of 


350 DAMON ON A MODERN [June 28, 
the load. This peak usually extends over a period of from one 
to three hours. and in an ordinary plant the equipment which is 
necessary to supply the extra demand at this time, is inoperative 
during the remainder of the day. The interest on the invest- 
ment, the fixed charges and the allowance for depreciation on this 
part of the plant are the same, whether the machinery is run- 
ning fortwo hours or for the entire twenty-four hours of each day. 
The interest factor in the cost of producing the amount of en- 
ergy required to carry the extra demand at the peak of the load, 
is thus greatly increased over the corresponding factor in the 
cost of the remaining average output of the station. Add 
to this the fact that the plant is necessarily working at 
low efficiency on account of а constantly varying load of 
short duration, and the effect of the peak of the load 
upon the earning capacity of the station may be appreciated. 
The storage battery auxiliary improves these unfavorable condi- 
tions, first, by evening up the load line, and thus increasing the 
efficiency of the generating plant, and second, by decreasing the 
total amount of investment required. The advantages of con- 
venience and reliability of an accumulator in a central station 
cannot be questioned. Whether or not it will improve the efh- 
ciency or decrease the total amount of required investment in 
any particular case is influenced by local conditions, principally 
the character of the load line. In the plant being considered the 
peak of the load is expected to extend over a period of little more 
than one hour, which is a condition especially favorable to the 
use of a storage battery, though the “factor of safety? which 
the battery adds to the plant is an advantage of nearly sufficient 
importance to justify the investment. 

Coming to the generating station proper, it is found that every 
precaution known to modern practice has been adopted to de- 
liver at the switchboard as much as possible of the energy orig- 
inally contained in the fuel. А central station is at its best a 
very wasteful institution, delivering to the distributing circuits, 
under its best working conditions, but from five to seven per 
cent. of the energy originally supplied to it from the fuel. 
Where the evident possibilities of increasing efficiency are 
во great, the study of the economies of a modern electric plant 
is an imporant one. 

Fig. 1 shows a cross-section of the station and indicates the 
veneral compact arrangement of the plant equipment, which was 
made necessary on account of the cost of real estate in the vi- 
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cinity of the site. The engine room and the boiler-room are 
upon the ground level, which arrangemeut ensures plenty of 
light, good ventilation, and convenience in operation. The engine- 
room basement is used for the storage batteries, while in the 
boiler-room basement is located the coal-storage bin, the ash-hand- 
ling apparatus, the piping, pumps, hot-well and condenser. A 
second floor is added to the building for the offices of the com- 
pany, for the storage of supplies and for a machine and repair 
shop. 

The furnaces of the boiler are of the down-draft type, thus 
securing the advantage of skilful hand firing, and at tlie same 
time avoiding the cooling of the gases, by the frequent opening 
of the furnace doors. The water-cooled grates furnish some addi- 
tional heating surface to tlie boiler and the general arrangement 
ensures a better combustion of fuel than is ordinarily obtained. 
This results in reducing the amount of ash and preventing the 
produetion of smoke, the latter feature being absolutely essential 
in a city installation. Considerations of availability and cost, 
limit the fuel supply to coal from Southern Illinois mines, which 
produce a bituminous slack .containing about 11,000 в. т. v. 
per pound. As the wagons deliver the coal directly on the 
boiler room floor, automatic coal-handling machinery was not 
thought to be a good investment. 

Horizontal water tube boilers were adopted on aecount of their 
quick steaming properties, the comparatively small amount of 
floor space occupied by large capacities, their economy of fuel, 
and their safety under high steam pressures, the pressure adopted 
for this plant being 175 pounds. Јо determining the size of the 
boilers, due allowance was made for the fact that they were to be 
operated in conjunction with economizers, and their capacity was 
reduced accordingly. The question of economizers was thoroughly 
considered, and they were adopted only after careful estimates 
had been made, which demonstrated that the probable saving of 
fuel effected by their use would be sufficient to cover the usual 
allowance for depreciation, insurance, etc., and yet leave a very 
good margin for interest on the investment. As no steam-driven 
auxiliaries are used in the plant, there ів consequently 
no other feed-water heater besides the economizer. The 
economizer for each battery of two 375 н. р. boilers consists of 
320 pipes, and the heavy weight is carried on special iron fraine- 
work which places the economizer at the back and above the 
boilers as shown in the figure. The flue passages, arid ‘stack сэп: 
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nections, areso arranged and fitted with dampers that the flue але: 
can pass either directly to the stack, through the economizer to the 
stack, or in series through the mechanical draft fan and economizer. 

A mechanical draft fan is now considered by many engineers, 
a necessary adjunct to a power station, and especially is this true 
if economizers are used, as iu this ease the flue gases escaping 
from the boilers can be robbed of nearly all their latent heat 
without impairing the draft. To the fact that a saving is thus 
effected in the usual large waste due to a chimney, the mechani- 
cal draft fan has the further advantage of furnishing a ready 
means of controlling the draft according to the load upon the 
plant, so that the boilers may be worked with comparative econ- 
оту. at light loads, or may be forced far beyond their rated capa- 
city without too seriously affecting their economy. Unfortun- 
ately in this particular plant, the city ordinances required a stack 
which would earry the gases up above the surrounding buildings. 
For this purpose a steel chimney lias been built, but it is a disad- 
vantage rather than a benefit as far asthe question of draft itself 
is concerned. 

The engines are compound-condensing, and are the only steam 
using parts of the entire station equipment, all auxiliary appar- 
atus being operated by means of electric motors. The seam . 
thus passes directly from the boilers into the engines with a 
minimum amount of steam piping exposed for radiation losses. 
The steam from the engines exhausts into a surface condenser 
placed in the basement below the boiler-room, from which it is 
pumped into the hot. well and through the economizers back into 
the boilers. 

The condensing water which flows through the tubes of the 
condenser is taken from the bottom of a cooling tower located 
upon the roof at an elevation of 50 feet above the condensing 
apparatus. After this water passes through the condenser it is 
foreed back to the top of the cooling tower by means of сеп- 
trifugal circulating pumps. The water circuit is arranged so 
that the weight of the descending column is used to balance the 
weight of the ascending column of water. ‘The work actually 
required of the circulating pump, therefore, is represented by 
the amount of power required to raise the water through the 
height of the tower, or about 30 feet, and the net result is the 
same as if the tower had been located on the ground level. 

The plans for the completed station contemplate a total capacity 
of 5,000 к. w. There are at present, howeverpinstalledinthe station 
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but two engines, one of 750 н. P. and the other of 1,500 н. Р. 
eapacity. "These engines are of the eross compound marine type 
of massive design and run at a speed of 150 в. v. м. They are 
expected to develop an indicated horse power hour on less 
than 14 pounds of water. Each engine is designed, however, 
to stand a continuous overload of 100 per cent. This will be 
developed by means of admitting high pressure steam directly 
into the low pressure cylinder. The conditions under which it 
is expected to operate tlie engines in this manner will be referred 
to later. The cylinders are placed side by side, each piston 
acting upon a separate crank. Between the cylinders is located 
the receiver which is provided with copper reheating coils. The 
high-pressure cylinder is steam-jacketed on the barrel, and beth 
cylinders have a steam-jacket on the heads. Both receivers and 
cylinders are protected with a non-conducting covering over 
which there is a steel jacket held in place by bands. Each engine 
is provided with a heavy fly wheel located in the center of the 
frame between the cylinders. The throttle-valve is of the flanged 
lever type and is operated from the starting platform. ‘The 
speed is regulated by a shaft governor operating an eccentric con- 
nected to the cut off valves of the high-pressure cylinder, and in 
addition to this governor, each engine is provided with an addi- 
tional automatic safety-valve, designed for the protection of the 
engine in case the speed should be abnormally increased for any 
reason. The engines also have a speeding device attachmeat by 
means of which they may be brought to the saime rate of speed 
under frictional load as under full load. 

The engines are directly connected to three 500 к. м. genera- 
tors and two 50 x. w. boosters. ‘These dynamos are of the multi- 
polar type with ironelad bar wound armatures. Provision is 
made for sliding the field casting parallel with the shaft a 
sufficient distance to allow the field coils to be removed and the 
armatures reached for repairs. The brush holders are carried in 
& circular iron frame, arranged to be moved by means of a 
threaded rod and a hand-wheel xo that the position of the 
brushes may be adjusted. An additional hand-wheel is provided 
for lifting the brushes from the commutator. 

The engines and generators are connected by means of the 
“Arnold System " This system of power station design is well 
known, but its application to this particular station will be of 
interest. The general idea of the system is to improve upon 
the usual direct-connected unit principle by mounting each gener- 
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tor in such a manner that it сап be operated by more than one 
engine. Fig. 2 shows partly in eross-section and partly in ele- 
vation, the line of engines and generators as they will eventually 
appear as the output of the station is increased. Three engines 
are shown, the capacity of the center engine being 1,500 n. р. and 
double that of either end engine. Each of the four large gen- 
erators is rated at 500 к. w. while each of the small central dyna- 
mos, shown located between the larger machines, is a low-volt- 
age booster of 50 x. w. capacity. Thecentral engine therefore has a 
capacity sufficient to operate two of the generators when running 
at its most economical load, while either end engine is pro- 
portioned to supply but one generator with power under normal 
working conditions. "The use of the boosters in this plant is in- 
cidental, and occurs at periods of light loads only, so that no ad- 
ditional engine capacity over that demanded by the main gener- 
aturs is required for their operation. Under all ordinary running 
conditions the units of this plant are manipulated as usual, an 
effort being made to vary with the load the number of engines 
running. so as to keep those in operation at any one time work- 
ing as nearly as possible at their rated capacity. In this respect 
the operation of the plant follows general practice. In a station 
containing independently-direct-connected units, however, if any, 
piece of the generating machinery gets out of order, it disables 
the entire unit and thus the commonly accepted principle which 
underlies the selection of the size and number of units for a 
direct-connected station is to have in reserve and always ready to 
be put into immediate service, engine and generator capacity 
sufficient to take the place of the largest single unit in operation. 
Thus, with a station containing five generating units of equal 
віле, the station capacity which may be safely relied upon is the 
combined output of but four of the units, the fifth unit being 
either held in reserve or undergoing repairs. An additional in- 
vestment of 25 per cent. in station equipment over that actually 
required by the demands of the service is necessary, therefore, 
in this case, in order to ensure reliability. Where less than five 
independent units are required, the percentage of the investment 
which may be charged up to the account of reliability is increased. 
Thus, with three units, the reserve is seen to require an invest- 
ment of 50 per cent. over that actually needed by the demands 
of the service. It has already been pointed out that one of the 
greatest drawbacks to central station work is the amount of 
equipment which must be provided проге (о take eara of the 


ELECIRIC CENTRAL STATION. 355 


1898.] 


` 


SS 


a » NS 
РА 
NT 


NX 
LEEA [2^ 
* 
ZA 0274 
t4 “ 
Му SAS Мо % SS SN 


pott 


s / 
^. s aa > 
А 


ee 


“MME С 


Me 
lu — 
SONS Whe 


*uiojsÁQ роц. 1"»(1—'9?' 
uejs&g pjouay Jo [roq—'g ‘OLY 2 
к 
ыз WME) YM Set Ho н 


| å = 


Ce, nira wen wens 
>, САУМ ААЛАМЫ“ му АМУ m 


LM RUP 


ылы 


SONS NS 
~ x< TE > 
ham 


УЛЛУЛА, АХ 


ГЮ 
чт аж шт 
>Ш || 


ASA SS VA 


Ya 


. ~ d " [ 
Kata ^x 


^ 
мааа: 2 


"OL 
алыл лы А SSNS 


IA 
“SNe 
4444 SA 


к. 4 
e NT 
Jd 
М, 


^ 
NX 


'ui9js4S p[ouay —'c “Oly 


@; 


um: 
aw at 


GIU 
A 


\ 


1 y | a if 
| 
Leal 
| 


LUULDILJUUUJg 


Digitized by Google 


856 DAMON ON A MODERN [June 28. 


occasional maximum demand. When to this burden is added an 
additional investment of from 25 to 50 per cent. in order to se- 
cure reliability, it is easily seen that the earning capacity of the 
station may be seriously affected. One of the advantages of the 
“Arnold system" of power-station construction is that the extra re- 
serve unit is not required. Each generator is not rigidly connected 
to its corresponding engine but is mounted in such я manner that it 
тау be operated by more than one prime mover. Thus in Fig. 2, 
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Fic. 4.—Detail of Magnetic Clutch. 


the central engine may run either one or all four of the generators as 
well as the two boosters, while the smaller end engines can reach 
either or both of two generators and also one booster. 

The method of mounting and connecting the dynamos which 
makes this flexible arrangement possible is shown more clearly 
by Fig. 3. Each generator armature is mounted on a hollow 
shaft or quill ө, which is carried independently in the bearings р r. 
The booster armature is attached to the solid shaft x. This shaft 
is made of forged steel and extends through the hóllow genera- 
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tor quills but without touching them, so that it is free to revolve 
in the bearings р. It is by means of this shaft that any engine 
can reach the generators not contiguous to it, but under all nor- 
mal operating conditions, this shaft does not turn, so that this 
system of connecting involves no more friction and requires no 
more lubrication than the ordinary arrangement. The coupling 
on the end of the shaft permits of three combinations: the en- 
gine may be directly connected with the quill of the adjacent 
generator allowing the interior shaft to remain idle; or the solid 
shaft may be attached to either the engine flange or to the gen- 
erator quill, the latter two combinations allowing the transfer of 
power peculiar to this system. 

The coupling or clutch is of particular interest as it is said to 
be the first magnetic clutch applied upon a large scale to power 
station work. Fig. 4 shows a cross-section detail of this clutch. 
One part, в, is bolted to the engine flange, м. A corresponding 
part, р, is bolted to the generator quill, н, and this part carries an 
annular armature, л. Radial arms F, keyed to the solid shaft о, 
carry an interior armature c. Each coupling is provided with 
five circular coils of magnet wire o. P, о, к and s. These coils are 
electrically connected to contact rings J, к and L, carried on insu- 
lating bushings bolted to the hubs of the clutch. Stationary 
brushes which are connected through a system of switches to the 
storage battery omnibus bars make it possible to send a current 
around any coil. The parts of the clutch containing the coils are 
made of cast-steel of high permeability во that when a current is 
sent around any coil, the surrounding metal becomes a magnet 
and the armature facing the coil is immediately magnetically 
attracted. The two surfaces of the clutch parts being held in 
contact by a pressure of at least 80 ponnds per square inch, it be- 
comes possible to transmit power from one to the other. Thus 
to connect engine shaft х to generator quill m, а current is sent 
through coil o in that part of the clutch в attached to the engine 
shaft. Armature a which is attached by means of strong studs to 
that part of the clutch в which is securely bolted to the generator 
quill, is immediately attracted and overcoming the small resist- 
ance of the spring т, the two parts become firmly attached to 
each other, making it possible to run the generator from the en- 
gine. If it is desired to revolve the interior shaft by means of 
the engine, the current is sent through coils р and о in parallel, 
attracting armature c, while if the solid shaft is being turned by 
the other engine and it is desired to connect the shaft-to the 
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generator quill, then the coils k and s are energized and the ar- 
mature c is attracted in the other direction. The circuits to these 
coils are all controlled by means of switches on the main switch- 
board. These switches are so arranged that when the circuit of 
any coil is broken, the discharge of the extra current is taken up 
through a carbon resistance, and the insulation of the coil is 
therefore protected from the liabitity to puncture. When the 
current in any coil is discontinued, spiral springs have been pro- 
vided to overcome the residual magnetism and bring the armature 
back to its original position. 

If both parts of thecluteh which areto be connected are station- 
ary, the connection becomes an easy matter, but if one part is re- 
volving, it becomes necessary to put the other part in motion be- 
fore the current is sent through the coils. This is accomplished 
by starting the dynamos as motors and bringing them up to speed 
before closing the magnet coil switch. For this purpose, regular 
starting-boxes have been installed, one for the boosters and the 
other for the generators, so tliat any machine may be thrown in- 
to or out of service directly from the switchboard. The result 
of the whole arrangement is, that a number of combinations be- 
tween the engines and the generators becomes possible. Under 
all normal running conditions, the center engine will run its two 
adjacent generators and the outside engines will operate the end 
generators. Each booster may be run when necessary, from 
either of two engines. The entire line of machinery may be con- 
nected together, so that all the engines and generators operate in 
unison as one large unit, the speeding attachment on the engines 
making it possible to operate them satisfactorily in this manner. 

ln ease of accident to any generator, that particular machine 
may be stopped without stopping its corresponding engine, and 
the electrical load will be immediately taken up by the other gen- 
erators, but without overloading the engines. In case of accident 
to any engine, the ability of the other engines to carry an over- 
load of 100 per cent. may be taken advantage of, if necessary, 
without overloading any of the generators. — Thus the center en- 
gine is capable of carrying all four of the generators fully loaded 
while the smaller end engines can operate two of the generators, 
if neceasary, in case of a break-down on the larger engine. The 
plaut may, therefore, operate at period of maximum load, at itè 
full rated capacity, depending entirely upon the advantages of 
the system of arrangement for a reserve in case; of accident 
to any part of the equipment. 
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The flexibility and the reliability of the system may be compared 
to that of a belted plant and this has been secured without the use 
of an unsightly arrangement of belts or the complicated system of 
levers and pivots necessarily connected with mechanical clutches. 
The advantages of the belted plant have thus been combined with 
the advantages of economy and compactness of the direct-con- 
nected plant and many of the disadvantages of both arrangements 
have been eliminated. 

All the variable speed motors operating the auxiliary equip- 
ment of the plant are designed to run at two voltages, the maxi- 
mum being 440 volts, and the other voltage being one-half the 
maximum. Further speed regulation is obtained by changing 
the field excitation by means of a small resistance in the field cir- 
cuits. The use of armature resistance isthusentirely done away with. 
A switchboard containing the switches and controlling apparatus 
for the pumps and fan motors has been placed conveniently in 
the boiler-room and another auxiliary board has been placed in 
the engine-room to control the circulating pump and cooling- 
tower motors as well as the circuit leading to the crane which 
spans the engine-room. The use of economically controlled 
electric motors for running the pumps, fans and other auxiliaries 
of the plant is expected to result in a considerable saving of fuel. 

The storage battery is located in the basement and has a capa- 
city of 2,000 ainpere-hours at the normal rate of discharge, but 
is capable of standing a discharge at the rate of 500 к. w. for 
опе hour. The station, oe as it now stands, can carry a 
maximum of 2,000 к. w., three quarters of which can he taken 
eare of by the RUE ‘and the remaining quarter being sup- 
plied by the battery. The battery consists of 280 cells, 100 of 
which are end or regulating cells, by means of which the poten- 
tial may be varied, the voltage depending, of course, upon 
the number of cells in cirenit. 

Fig. 5 shows a diagram of the electrical connections of the 
station. The generators are compound-wound, but are so designed 
that they will give a potential of 500 volts with shunt excitation 
only, as it is desirable when operating with storage batteries to 
run the generators as shunt dynamos. An extra switch has been 
added therefore to each generator panel which is used to cut 
out the series winding and connect the equalizer lead directly to 
to the positive omnibus bar. Referring to the diagram: when 
awitches 6 and 8 are closed, and 7 and 9 are open, the generator 
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is running as a straight shunt machine, while with 6 and 9 closed, 
but with 8 open, the dynamo is connected to the omnibus bars 
as a compound generator, and may be thrown iu multiple with 
the other dynamos of the plant by closing equalizing switch 7. 

When starting up a dynamo, the shunt fields are excited 
directly from the omnibus bars through a special field switch. 
When the generator is taken out of service, this field switch is 
automatically opened, leaving the field coils connected as in a 
shunt machine, and thus avoiding the discharge of the coils. 

The switchboard is a double potential board so that the feeders 
extending to the outlying districts of the territory may be supplied 
with current at a higher potential than the shorter feeders. АЛ 
switches on the generator and feeder panels are arranged so that 
when thrown up they connect with the high potential omnibus 
bars, and when thrown down, they connect with the low potential 
bars. All positive switches are placed on the right of the 
panels. 

The battery is connected in two independent parts and is pro- 
vided at each of the two outside ends with two end-cell switches. 
These end-cell switclies may be connected through suitable knife 
switches to either the “high” or to the * low " omnibus bars or 
to а charging bar. Combinations of switches numbered on the 
diagram (Fig. 5) from 16 to 22, allow the boosters to be connected 
between either bar and also to the charging bar. The boosters in 
the plant are used to charge the batteries when it is desired to 
give them a heavier charge than they would ordinarily receive 
when working in parallel across the mains at the regular voltage. 
Without in any way interfering with the performance of fils 
battery as an equalizer across the system, the boosters can be 
placed in series with the batteries and thus any amouut of cur- 
rent can be forced through the cells. The condition for this op- 
eration occurs at periods of light demand upon the station, which 
is the time the battery can be most econominally charged. The 
voltage of the boosters ranges from 0 to 130 volts. The two 
boosters may be placed in series and can thus be substituted for 
either leg of the battery, allowing the replaced half of the bat- 
tery to either accumulate an extra charge in case the two sides of 
the system have becoine so badly unbalanced as to have discharged 
one side of the battery excessively, or the replaced portion of the 
battery sa be entirely cut out for repairs. In fact, the boosters 
may take the place of the entire battery if necessary, acting as an 
equalizer across one leg of the system, giving or taking current, 
as occasion requires. 

The switchboard consists of eleven panels of black enamelled, 
polished slate. The three generator panels are. éach) (provided 
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with the usual complement of switches, a rheostat, а cutting-in 
galvanometer, a circuit-breaker, an ammeter, and a voltmeter. 
One booster panel and two battery panels are necessary for the 
manipulation of the battery auxiliary. The battery panel is pro- 
vided with hand-control wheels which connect to the end-cell 
switches so that the potential of the battery can be charged from 
the front of the board. It is also possible to operate each end- 
cell switch by means of a small motor directly attached to the 
switch spindle. This motor is controlled by a push button on the 
front of the battery board, and an indicator shows how many cells 
are in service at any time. Low-reading voltmeters and volt- 
meter switches allow the potential of the end cells to be ascer- 
tained conveniently from the front of the board. A wattmeter 
panel contains four station wattmeters which register the total 
. output of the plant. Three feeder panels are at present employed 
to distribute the current, and these panels each contain six feeder- 
switchee and six corresponding ammeters. A regulating voltme- 
ter panel is located at the end, and at right angles to the rest of 
the board in a position where it can be easily seen by the switch- 
board attendant. 

The design of this station has been described to show the latest 
solution worked out by conservative engineers of the problem of the 
geueration and distribution of electrical energy. It is thought to be 
of interest because it presents a combination of the following widely 
discussed features of modern central station practice: (1) Im- 
proved furnaces ; (2) Water-tube boilers; (3) Mechanical draft ; 
(4) Fuel economizers; (5) Electrically-driven auxiliaries; (6) 
Cooling-tower condensing system ; (7) Arnold system of power 
station construction; (8) Battery auxiliary; (9) Combined light- 
ing and power distributing system ; (10) 220-volt lamps. 


Discussion. 


In answer to Prof. F. D. Croeker's criticism of the reduction 
of the necessarv reserve capacity by the Arnold coupling system, 
Mr. B. J. Arnold explained that there is no such reduction in 
generators, but that the engines are so made that they can run 
at 100 per cent. overload by using live steam in both high and 
low-pressure cylinders, and tlie necessity of an engine reserve is 
thus done away with. This effect could not, of course, be 
obtained with ordinary direct-coupled units, as the generator 
would not stand the overload. | 

Replying to a criticism by Mr. Steinmetz on the difficulty of 
aligning such a long shaft, Mr. Arnold said that each shaft or 
quill is supported in but two bearings, and one when they are 
coupled together is there any likelihood of difficulty, and then 
but little, as the coupling arrangements give some radial 
flexibility. 

In ease of a hot bearing in the middle of the line, Mr. Arnold 
stated that the boxes are readily removable without disturbing 
the shaft and that they are all water, jacketed. | 


A Paper presented at the 15th General Meeting 
of the American Institute of Electrical 
Engineers, Omaha, June 29, 1808, President 
Kennelly in tke Chair. 


SOME PHASES OF THE RAPID TRANSIT PROBLEM. 


BY ALBERT H. ARMSTRONG. 


The rapid transit problem, in congested districts, has to deal 
with the transportation of passengers at a high average speed 
with frequent stops, and even in suburban traffic where the stops 
are less frequent, the schedule speeds have been so increased by 
the ability of the electric motor to accelerate rapidly, that trains 
hardly reach full speed before it is necessary to apply the brakes. 
As running at a constant speed does not oecur in rapid transit 
service where stops are at all frequent, it becoines of the greatest 
importance to carefully investigate the subject of train accelera- 
tion in order to determine the method of running a train from 
station to station with the least expenditure of energy. 

Problems in train acceleration may be divided into two broad 
classes: 1.— Where the road is level and 

9.— Where grades exist or where an artificial profile is made 
in order to take advantage of down grades at startiug. 

Modern passenger cars demand a dead weight of approximately 
550 lbs. for each passenger carried, or, in other words, only 20 
per cent. of the total weight of a loaded motor car is a paying 
load. When itis considered that in rapid transit service with 
frequent stops, over 80 per cent. of the total energy output of 
the motive power on level roads is required to accelerate the 
train, it is evident that in this class of service the rolling stock 
requires the greatest attention. 

To avoid undue complication, the following discussion lias ав- 
sumed that train friction is a constant quantity at all speeds, as 
at the low maximum speeds—20 to 30 miles per hour— reached 
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in practice with frequent stops of two or more per mile, the 
error introduced by assuming a constant friction rate will be 
small and will not at all alter the conclusions arrived at. 

The following constants have been assumed as representing 
average operating conditions : 

Length of run, 2000 feet. 

Length of time train is in motion, 75 seconds. 

Schedule speed, 16.05 miles per hour, including 10-second 

stops, or 85 seconds total time. 
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Fic. 1.— Acceleration Curves. 
Distance, 2,000 feet. Time, 75 seconds. Tractive Effort, 100 lbs. per ton. 
Friction, 15 lbs. per ton. Braking Effort, 150 lbs. per ton. 


Tractive effort, 100 lbs. per ton total, to be maintained uniform 
during acceleration of the train. 
Braking effort, 150 lbs. per ton eonstant throughout the period 
of braking. 
The train frietion being 15 lbs. per ton, reduces the effective 
accelerating force from 100 to 85 lbs. per ton, corresponding to 
a rate of .927 miles per hour per second. 
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With this data a simple acceleration curve, as in Fig. 1., may 
be calculated, the train reaching a maximum speed of 28 miles 
per hour in 30 seconds, when power is shut off and the train — 
allowed to coast with a retardation due to friction of .1635 miles 
per hour per eecond for 31 seconds to the braking line, when it 
is retarded at a uniform rate of 1.635 miles per hour per second 
and comes to rest in 75 seconds from time of starting. 

Owing to the greater efficiency of the run, the train is allowed 
to coast after reaching its maximum speed rather than to allow 
it to continue at a uniform speed with just sufticient power sup- 
plied to overcome the train friction loss. 

It is obvious that the train could be accelerated at a different 
rate than that corresponding to 85 lbs. per ton and still make the 
same length of run in the same time, the length of time occupied 
in coasting depending upon the rate of acceleration, being a 
maximum with an infinite rate, that is, with the train starting 
with a certain initial velocity. A minimum rate of acceleration 
is reached when no time is left for coasting, that is, when brakes 
are applied as soon as power is shut otf. 

In Fig. 2 such a set of curves has been prepared showing a 
train covering a distance of 2000 feet in 75 seconds, as before, 
but accelerating at various rates from that corresponding to 62.8 
Ibs. per ton as a minimum up to an infinite rate, or starting with 
an initial velocity of 25.2 miles per hour. 

As the area enclosed by time as abscissie and speed as ordinates 
represents the distance covered, this will be a eonstant quantity 
for the fixed distance of 2000 ft. assumed, and curves of Fig. ? 
are thus constructed with the same enclosed area for each rate of 
acceleration. The fact is plainly brought out that with a low 
rate of acceleration a much higher maximum speed is demanded 
than would be the case if the rate had been increased, and a 
eurve may be plotted by joining the maximum speeds reaclied 
for different accelerating rates, as shown. 

A friction of 15 Ibs. per ton has been chosen as being that of 
an average train composed of a motor car and three or four trail- 
ers and weighing about 120 tons. With heavier and longer trains 
this rate may be reduced to as low as 7 or S lbs. per ton, while 
for a motor car alone, the rate may be as high as 30 Ibs. per ton, 
due to friction of motors and gearing. The braking effort of 150 
Ibs. per ton is also chosen ag representing what can be done on 
an average by a train equipped with air brakes and operating at 
half the slipping coefficient of the wheels. 
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It is advisable in rapid transit service to keep the maximum 
speed reached by the trains as low as possible, as this class of 
work generally calls for a short time-interval between trains 
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Fic. 2.—Speed and Energy Curves. 


Distance, 2,000 feet. Time, 75 seconds. Friction, 15 lbs. perton. Braking 
Effort, 150 lbs. per ton. 


where the utinost precautions are necessary to keep the trains a 
safe distance apart. In fact, the maximum speed required for a 
given run practically determines the time-interval between trains, 
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as the train headway should be at least five or six times the 
length of time required to bring a truin to rest from its maximum 
speed with normal braking force applied. 

A second reason for higher rates of acceleration lies in the 
fact that with rates of acceleration approaching the minimum no 
margin is left for errors of judgment of the motorman, aa little 
or no time isleft for coasting, and the rate of acceleration per 
ampere input is continually varying with the changing passenger 
load and hence with an overload it becomes difficult to maintain 
schedule speed. 

A third and most important objection to the use of a low rate 
of acceleration lies in the saving of energy for the run by the 
use of a higher rate. 

Neglecting Z? R and core losses of the motors, а set of energy 
input curves per ton weight of train may be plotted ак in Fig. 2, 
assuming for simplicity that motors are series wound, operate all 
in multiple and are so geared that starting resistance is entirely 
cut out at the various maximum speeds reached in the various 
runs, that is, that no accelerating is done on the motor curve. A 
constant Impressed к. м. F. is assumed, and starting resistance is 
supposed to be cut out proportional to the motor speed, thereby 
keeping the current and torque constant. 

Thus it is seen that accelerating a train with the minimum 
rate calls for the highest maximum speed, demands nearly the 
least current input and also demands the greatest waste of 
energy in the brakes, as the speed is a maximum when brakes 
are applied. 

The areas enclosed by the various energy time curves repre- 
sent the comparative amounts of energy required for the run for 
the different rates of acceleration, and these are plotted in Fig. 2, 
which compares the energy input and the average energy con- 
sumption for the run of 2,000 feet in 75 seconds for all rates of 
acceleration from the minimum corresponding to 62.8 Ibs. per 
ton up to infinity. | 

For convenience the average energy rates ara plotted in terms 
of watt hours, and the curve shows that while the minimum rate 
of acceleration corresponding to 62.8 lbs. per ton calls for an 
expenditure of 33.5 watt hours per ton weight of train, this 
is reduced to 56.5 watt hours by accelerating with a rate cor- 
responding to 70 lbs. per ton, to 42.7 watt hours with 100 Ibs., 
and finally reaches a minimum value of 32.5 watt hours if the 
accelerating rate is pushed to infinity. 
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Thus the energy required for the run of 2,000 feet in 15 sec- 
onds may vary from 83.5 to 32.5 watt hours per ton of train 
weight, a decrease of over 60 per cent., depending upon the rate 
of acceleration used. 

The curves in Fig. 2 are worthy of careful study, and similar 
curves afford a means of determining the proper rate of accelera- 
tion and hence motor equipment, gearing, ete., to use for a given 
set of conditions. The limiting factor in the more rapid rate of 
acceleration of a train is the current input required. Thus, if 
tlie rate of acceleration be carried to abnormally high values, the 
local demand for current becomes so great that either the loss in 
the feeders more than offsets the reduction in energy consump- 
tion at the train, or else the interest on the increased feeder 
invest ment is not offset by this energy reduction. 

There are other limiting factors governing the rate of ac- 
celeration in the size and weight of motors, which are limited 
in the current they can carry without undue sparking and 
heating. Thus it will be found that the rate at which а train 
accelerates, largely determines the cost of feeders, size of motors 
and generators, both in regard to current and thermal capacity, 
and also fixes the safe headway between trains, 

The error made in accelerating at or near the minimum rate 
is clearly brought out. For example, the current consumption 
per ton is the same for 62.8 lbs. per ton or 85 lbs. per ton; as, 
although 85 lbs. calls for the greater tractive effort, the torque 
per ampere is so increased by the lesser maximum speed demanded, 
that the current input is the same in each case, lence the feeder 
considerations are the same in both cases, while the energy con- 
sumption shows a reduction from 83.5. watt hours per ton with 
62.8 Ibs. to 47.5 watt hours, or about half, with 85 lbs. per ton. 

veferring again to Fig. 2, it is obvious that a similar set of 
curves may be plotted for a run of 2,000 feet for any other 
length of time than 75 seconds, and Fig. 3. gives such a set of 
curves plotted for lengths of time ranging from 41 seconds, as a 
minimum possible, up to 210 seconds. The minimum time in 
which it is possible to make a run of given length is determined 
by the braking effort, in this case assumed to be 150 lbs. per 
ton, the train reaching a maximum speed of 66.5 miles per hour 
in zero seconds with an infinite accelerating force, and being 
retarded throughout the entire running time of 41 seconds at the 
rate of 1.635 miles per hour per second, corresponding to a 
force of 150 Ibs. per ton braking efforts 
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The constants assumed in these curves are the same as before, 
15 Ibs. per ton friction rate, and 150 lbs. per ton braking effort 
applied uniformly until the train comes to rest at a distance of 
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2,000 feet from the start. While the braking effort determines 
the minimum length of time for the run, the friction rate im- 
poses a limit upon the maximum rate of acceleration possible for 
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lengths of time greater than 128 seconds for 2,000 feet run. 
That is, a train accelerating with an infinite rate and coasting the 
entire length of 2,000 feet would come to rest in 128 seconds 
with no energy loss in the brakes, and any longer interval of 
time occupied in the run would require some finite rate of 
acceleration at à maximum. This is pointed out in Fig. 3, where 
for a run in 210 seconda the maximum rate of acceleration pos- 
sible is .175 miles per hour per second, corresponding to 24 Ibs. 
perton. No train in practice world require such a long time as 
210 seconde, nor would it be possible to make a run of 2,000 feet 
in 41 seconds, but these curves have been carried out to show 
the limite for a given set of conditions. 

As the energy lost in braking is proportional to the square of 
the speed when the brakes are applied, the curve a-s, Fig. 3, 
being the locus of the minimum rates of acceleration, that is, 
with no coasting, is thus the curve of maximum input for a run 
of 2,000 feet for any length of time. Also the curve с-р, being 
the locus of the various coasting lines, that is, of no braking 
effort, is thus the curve representing the minimum possible 
input. 

To compare the amounts of energy required for rates of ac- 
celeration other than the maximum and minimum, a set of 
eurves has been prepared in Fig. 4 giving the energy consump- 
tion for a run of 2,000 feet on a level track for any rate of 
acceleration and for any length of running time, the constants 
being 15 Ibs. per ton friction rate and 150 lbs. per ton braking 
effort. For convenience in comparison, the energy consumption 
is reduced to watt hours per ton mile, and speed is expressed as 
average speed in miles per hour while train is in motion or 
equaling sehedule speed if the train loses no time in stopping. 
The dotted curve a-r is the maximum energy curve correspond- 
ing to the curve 4-5 of minimum rates of acceleration in Fig. 3, 
and the curve c-n represents the minimum amount of energy 
possible for the different speeds and is described by an infinite 
rate of acceleration. 

The curves of maximum and minimum energy consumption 
approach each other and coincide at a speed of 33.3 miles рег 
hour, corresponding to an energy consumption of 298 watt hours 
per ton mile, this value being the greatest amount of energy 
that can be expended on the run with 150 lbs. per ton braking 
effort. 
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All energy values are net, that is, they represent the amount 
of energy required to aecelerate the train plus energy lost in 
overcoming friction, and hence take no account of any losses 
oeeuring in actual operation in the motors, rheostats, gearing, 
etc. 

Fig: 4 shows the economy resulting from properly proportion- 
ing the accelerating rate to the schedule speed and distauce 
traveled. For example, a train accelerating with a tractive 
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effort of 100 lbs. per ton and making 20 miles per hour average 
speed, not including stops, will require 127 watt hours per ton 
mile, which would be reduced to 65 watt hours per ton mile if 
the tractive effort had been increased to 150 lbs. per ton, or, in 
other words, the generator eapacity would be but half as large 
for the same service. 

The curve of 300 lbs. per ton tractive effort is interesting as 
it represents about the maximum speed attainable with modern 
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apparatus for a distance of 2000 ft. with the assumed constants 
of friction and braking effort. Assuming the entire weight 
of the car to rest upon drivers, about 300 Ibs. per ton would be 
available for traction without slipping the wheels on an average 
track, so that an average speed of 263 miles per hour is the high- 
est that could be obtained over a distance of 2000 ft., not allow- 
ing any time whatever for coasting. 

All previous curves have been based upon the assumption that 
trains are allowed to coast after reaching maximum speed, 
and also that acceleration is carried on at a perfectly uniform 
rate until power is shut off, but in practice this assumption may 
be modified somewhat, the starting resistance being cut out before 
tlie maximum speed is reached, and the latter part of the accele- 
ratiou carried on at a constantly decreasing rate upon the motor 
eurve. 

Another method would be to accelerate at a constant rate until 
maximum speed is reached, then continue this speed constant by 
supplying motors with just sufficient power to overcome train 
friction. This latter method of train acceleration, however, de- 
mands such a considerable increase in the amount of energy 
required for the run that it has not hitherto been considered. 

The three methods of acceleration are illustrated in Fig. 5, 
showing the three forms of speed curves, а-а accelerating at a 
constant rate and coasting after maximum speed is reached until 
brakes are applied, b-b accelerating at a constant rate and con- 
tinuing at full maximum speed until brakes are applied, and c-c 
accelerating at a constant rate until starting resistance is cut out 
and further acceleration allowed to continue at a constantly de- 
creasing rate with constant full line potential at motor terminals 
until maximum speed is reached, when train coasts until brakes 
are applied. 

Curve a—a reaches the highest maximum speed but wastes the 
least energy in the brakes, and hence is the most efficient run 
mechanically, curve b-b, the constant speed method, being the 
least efficient. s | 

As these three curves were plotted from the speed torque 
curves of an actual motor, it is instructive to compare the watt 
hours consumed for each run with series parallel control, operat- 
ing two motors in series, then in multiple. То this end a set of 
energy input curves have been plotted in Fig. 5, showing that 
curve е-е requires the least maximum energy input, while curve 
а-а requires the greatest amount. 
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The area enclosed by the energy time curves is a measure of 
the average energy consumption for each run, and their respec- 
tive values reduced to watt hours are: 

a. Constant current and coasting, 147 watt hours per ton, 

b. Constant current and no coasting, 160 watt hours per ton. 

c. Constant current and acceleration on motor curve, 126 

watt hours per ton. 
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Distance, 2,000 feet. Time, 75 seconds. Friction, 15 lbs. per ton. Braking 
Effort, 150 lbs. per ton. 


Hence, of the three methods, curve c, making use of the accel- 
eration due to a series motor curve, not only requires the Jeast 
maximum current input, but also requires the least average energy 
input to the motors for a given run and hence is the form of 
curve used in the majority of actual runs. Although the energy 
given out by the motors in run с is greater than in run а, as evi- 
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denced by the higher speed at which brakes are applied, yet this 
extra work is done so mucli more efficiently, owing to the smaller 
starting resistance loss, that the total watt hours input becomes 
lees. 

Whatever form of acceleration curve be used, the results ar- 
rived at in Fig. 4 will not be greatly moditied if similar forms of 
curves are compared, and, being expressed in terms of actual 
work done, may be used for any run with a factor expressing the 
efficiency of acceleration : that is, the ratio of actual work done 
to the total energy input. 

It will be noted that all curves of Fig. 4 approach a minimum 
value of 30 watt hours per ton mile, that is, the minimum energy 
expressed in watt hours per ton mile expended fora given run 
will be double the friction rate. The actual factor is 1.98 and 
forms a very convenient method of determining the net energy 
consumption for any speed and train weight if the friction rate 
be known. Thus, assuming the light load efficiency of а railway 
motor, including gear loss, to be 75 per cent., a friction rate of 
15 Ibs. per ton would demand an input of 40 watt hours per ton 
mile, corresponding to an input of 1200 watts per ton weight of 
train at, sav, & constant speed of 30 miles per hour. 

A number of interesting conclusions may be made from. the 
foregoing investigation of the operation of trains upon a level 
track. 

Ist. The rate of acceleration determines the energy consump- 
tion for a given run, and since this energy consumption decreases 
with increased rate of acceleration, the train should be brought 
up to speed as quickly as possible and allowed to coast tc 
secure the minimum energy input. 

9nd. The maximum current input during acceleration in- 
creases with the rate of acceleration, and hence limits the rate at 
which a train can be accelerated with a given feeder loss or 
feeder investment. | 

2rd. In order to reduce the average energy consumption and 
also the maximum current input to a minimum for a given run, 
& due amount of acceleration should take place on the motor 
curve after starting resistance is cut out, hence a motor should 
be carefully proportioned for the work it has to do. 

4th. A normal amount of coasting should be permitted after 
power ів shut off, partly to provide a margin to allow for errors 
of judgment of the motorman, but largely because this is the 
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most efficient method of accelerating a train. On no account 
should the maximum speed be continued by supplying the motors 
with just sufficient current to overcome train friction, as this - 
method of accelerating is extremely wasteful and ineflicient. 

Having discussed various methods of accelerating, it is inter- 
esting to follow out the problem, and determine the actual 
efficiency of transporting passengers by our modern methods of 
travel. It has been pointed out that only from 15 to 20 per 
cent. of a fully loaded train consiste of a paying load, and with 
an average load as carried throughout the day this percentage 
will be reduced to 10 per cent. or less, that is, nine-tenths of the 
energy consumed in moving this train at a constant speed is 
wasted. But in rapid transit work a train seldom attains a 
constant speed, due to the frequent stops and high schedule 
speed, and at least ten times the energy required to overcome 
frietion alone must be expended in accelerating the train, only 
to appear as heat in the brake shoes when bringing the trains to 
rest. That is, considering the friction work of the train as the 
only useful work done, an efficiency of only 10 per cent. is 
reached in the average run. But only 10 per cent. of this fric- 
tion work is useful in moving passengers, hence the actual pas- 
senger efficiency is reduced to less than one per cent. of the 
total energy delivered to the train during acceleration. 


When it is considered that further losses occur in operation in 
the motors and their method of control, in the transmission 
lines and generators of an electric traction system, it will be 
appreciated that the present method of transportation, with its 
efficiency of a fraction of one per cent., opens a wide field for 
improvement. This applies with greater force to rapid transit 
service using steam locomotives as a motive power, as the dead 
weight carried per passenger is greater with asteam locomotive than 
with a motor car, and the efficiency from the coal pile is much 
less. Hence some means of reducing the large loss, due to ac- 
celerating the train is desirable, and this is found in the adoption 
of an artificial profile, as followed out in a large underground 
road now building, using down-grades in starting, and up-grades 
to retard the train when stopping. 

The ideal profile would provide for a down-grade at starting 
sufficient to do the work of acceleration and with an up-grade to 
do the entire braking required, thus leaving only the friction 
energy to be supplied by the motive power. Such a road would 
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operate at 100 per cent. eflicieney, neglecting the dead weight 
of train earried and considering total friction work as useful 
work. 

Reduced to practice, this ideal grade must be modified con- 
siderably. The per cent. grade used is limited partly by the 
rapidity of acceleration that may be imparted to the train with- 
out discomfort to the passengers and partly by the available 
tractive effort of the motive power, which must be sufficient to 
haul the train up the grade in case of necessity. 

А second modification occurs in the necessity of having sta- 
tions placed un a level track, and since a train has an appreciable 
length, it must travel its own length before the last car is off the 
level and the full effect of the grade is felt. Thus, during the 
first period of acceleration tlie rate is comparatively small and 
must be furnished by the motors, resulting in a material reduc- 
tion in the energy gain in the theoretically ideal profile. An 
artificial profile can only be secured on elevated or underground 
roads, and a double track road necessitates two separate overhead 
struetures and the underground road inust consist of two separate 
tunnels with unlike profiles. 

Assuming two stations to be on the same level, there are two 
forms of profile that may be assumed with a given maximum 
difference in levels, as shown in Fig. 6. Profile a consists of a 
down-grade with a level traek at each terminus equal to the 
length of train operating over the road, while profile B eonsists 
of a down-grade and up-grade equal in length and percentage 
with a level track connecting them, and also a level track at each 
station equal to a train length. 

In practice a perfectly symmetrical profile, as in B, will not be 
possible, as the level traet connecting grades inust be replaced 
by a slight grade to provide for drainage in tunnel roads, this 
grade preferably opposing the direction of movement of the 
train. 

In order to ascertain the behavior of a train upon the two 
forms of profiles and to determine the most efficient form of 
grade, a series of curves have been plotted upon the following 
assumptions : 

Length of run total, 2,000 feet. 

Train friction, 15 lbs. per ton constant. 

Draking effort, 150 lbs. per ton during time brakes are set. 

Running time, 75 seconds. 
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Length of train, 200 feet, corresponding to an average train of 
four to five cars. 

Tractive effort, as supplied by motors, 100 lbs. per ton. (This 
effort being supplied irrespective of added effort due to 
grades.) 
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No running is assumed to take place on the motor curve, and 
train is supposed to coast after reaching maximum speed. 
Motors are controlled by the ordinary series-parallel method, 
starting with two motors in series and throwing; them 
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into multiple, the starting resistance being supposed to be 
cut out uniformly so that 100 lbs. per ton motor effort is 
maintained constant while current is on. 

Due regard is paid to the fact that the tractive effort due to 
grade depends upon the proportional length of train off the level 
track at the stations, and hence is a constantly increasing quan- 
tity until the entire train is on grade. 

A grade of four per cent. has been chosen for the down-grade 
in 4, and for both down and up grades in в; and energy consump- 
tion plotted in Fig. 6 for different lengths of grade. 

Thus for a run of 2000 feet in 75 seconds, the energy input 
with series parallel control is 40.75 watt hours per ton for а level 
track, which is reduced to 27.8 watt hours in curve a with a 
length of 500 feet, 4 per cent. grade and 22.6 watt hours per ton 
in c, with the same length of 4 per cent. grade, that is, with the 
same vertical fall. 

A length of 500 feet of 4 per cent. grade calls for a vertical 
fall of 20 feet, which is not excessive in practice, hence by the 
use of a profile similar to в, Fig. 6, the energy consumption for 
а given run may be reduced as much as 40 to 50 per cent. from 
that required on a level track. 

With proper proportioning of the gear ratio of the motor al- 
lowing some acceleration on the motor curve, this saving in 
energy consumption could even be exceeded, so that a rapid 
transit road, especially a tunnel road, properly laid out with an 
artificial profile, could operate with a very much less energy con- 
sumption than an existing surface road. 

In conclusion it may be pointed out that the electric motor is 
eminently adapted to rapid transit service, owing to its ability to 
accelerate rapidly ; and for tunnel work especially, it has no rival, 
adding to its high efficiency of operation and its perfect immunity 
from smoke and gases. 


Schenectady, May 31, 1898. 


A paper presented at the 15th General Meeting 
of the American Institute of Electrical 
Engineers, Omaha, June 29th, 1809. President 
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POWER TRANSMISSION AND DISTRIBUTION FOR 
RAILWAY WORK. 


BY ERNST J. BERG. 


When electric power was first applied to railway work, the 
distances of transmission were comparatively short, so that one 
generating station usually located in the center of distribution 
was sufficient to furnish all power at a reasonable loss. 

As the plants were extended it was soon evident tliat even 
disregarding the question of efficiency, the distances were very 
limited for commercial and practical reasons, and boosters con- 
nected in series with the line so as to raise the voltage propor- 
tional to the load were introduced. By their use it was possible 
to cover considerable distance and yet keep the potential up with- 
out too excessive an amount of copper. Since, however, any 
booster system must be very inefficient, such installations are not 
very common, and their field of usefulness limited to cases where 
considerable power is taken and at the end of a long line for a 
short time only. The next step towards extension was the intro- 
duction of power stations located in various places in the net- 
work, but the complication and inefficiency of such an arrange- 
ment was apparent, and the possibility of transmitting the power 
by alternating currents was brought out. 

The first suggestion was to generate alternating current power 
in one station and transmit it at a reasonably high voltage to 
various sub-stations placed where the steam stations would have 
been located under former conditions, and there converting it to 
direct current by means of synchronous motors driving direct 
current generators. This method of transmitting and converting 
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electrical power was applied in a few cases but was soon superseded 


by the converters which not only gave a simpler means of con- 
verting alternating current to direct current, but which are more 
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Fic. 1.—Curve Showing how the Generator Voltage Depends 
upon the Power Factor of the Receiving Circuit. Constant 
Line Current. Voltage at Receiving End of Transmission 
Assumed as 1. Z = .1 —.4J. 


efficient and permit of automatic potential control; .Thus in 
1894 large and representative converter systems were installed. 
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Since, with the introduction of long distance transmission the 
generators were placed far away from the converters and con- 
nected to them by lines of considerable resistance and self-in- 
duction, it was apparent that potential control could hardly be 
effected in the power station, at least a control of sufficient 
sensitiveness to follow the greatly fluctuating loads in a railway 
circuit, the more so as the voltage does not vary in the same pro- 
portion as the load. 

To illustrate the variation in voltage at the receiving end of 
a line of considerable resistance and reactance as function of 
the phase relation in the current, in Fig. 1 is plotted a curve 
giving as abscissee the power factor of the load, that is cos w 
and as ordinates the voltage at the receiving end. The line cur- 
rent is the same in all cases, the generator voltage is constant 
and assumed as unity, the resistance is 10 per cent. and 
reactance 40 per cent. The upper part of the curve gives the 
voltage with leading current, the lower with lagging current. 

It is readily seon from this diagram how impossible it would 
be to control the potential at the generating station under these 
conditions, as, for instance, with a load of 90 per cent. power 
factor the voltage at the receiving end would be 69 per cent. 
of the generator voltage with lagging current, and the same as 
at the generator with leading current. Thus, if the generator 
should be controlled by the amount of current taken, it ів evi- 
dent that no indications whatever would be made by the cur- 
rent itself, since it is the same under these two conditions. 

But even if a wattmeter were in the circuit at the power 
station, this would not help mattera, since under the condi- 
tions referred to,the watts, that is the power, is the same, and 
yet the voltage so widely different. 

In Fig. 2 this is demonstrated in a slightly different way. 
It ic assumed that the voltage impressed upon the converter 
shall be constant at all loads, and shows how the generator 
voltage has to be varied in order to keep this constant at rated 
output with different power factors, and consequently at a vari- 
able line current. It is equally evident from this curve how 
unfeasible voltage control from the generating station would 
be. 

It was therefore necessary to develop some means by which 
the potential could be controlled, not at the generator station, 
as is done in direct current railway circuits, but. in the con- 
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verter station. This means of regulating the potential was 
found in ehanging the phase relation of the current taken by 
the converter by means of a change of field excitation, raising 
or lowering the impressed alternating voltage, and consequently 
the direct current voltage by means of this current passing 
through lines of considerable self-induction, or through special 
reactive coils inserted in the circuit. 

In the following I shall endeavor to explain this method of 
control, and discuss its effects on the operation in general. 

In a synclironous converter system we have to distinguish be- 
tween three E. M. F’s.; the impressed Е. м. F., that is, the Е. М. Е. 
at the collector rings of the rotary converter; the counter к. м. 
F., which is the Е. м. Е. induced in the rotary converter by the 
armature revolving in the magnetic field, aud consequently pro- 
portional to the field excitation; and the E. м. Е. of impedance 
or the x. M. F. consumed by impedance, which is that caused by 
the current flowing through the reactance and resistance of the 
converter. 

The first mentioned к. м. r., that is the impressed к. M. F., is 
entirely dependent upon the generator voltage ; the counter к. м. 
F. is entirely dependent upon the field excitation of the con- 
verter, and is constant regardless of the load on a machine, and 
the к. M. к. consumed by the impedance changes with the load 
and is proportional to the current. 

To explain the phase relations between these к. M. F’s. let us 
for the sake of simplicity consider the converter running light 
or doing no work. Since the work done by a synchronous con- 
verter rotary is the product of the current taken by the rotary 
and the projection of the counter E. м. r. on this current at no 
load the current must be in quadrature, that is, at right angles to 
the counter E. M. r. Since, furthermore, the input of a rotary 
converter is expressed by the product of the impressed к. м. F. 
and the projection of the current on the impressed x. м. к. under 
the assumption that no energy is consumed. the current is also 
in quadrature or at right angles to the impressed к. M. к. Conse- 
quently the impressed Е. M. F. and the counter Е. M. Е. must be 
in phase and in opposition to each other. Let, then, the field 
excitation of the converter be reduced, so that the counter Е. м. 
F. ів less than the impressed. Since only three B. м. r's. are act- 
ing in the system and their sum must always be zero, that is, the 
impressed к. м. F. must at any time be equal to the counter Е. 
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M. F., plus the к. м. к. consumed by impedance or neglecting the 
resistance, the к. M. к. consumed by the reactance. The counter 
к. M. F. is assumed to be less than the im pressed, therefore, the 
к. M. к. consumed by reactance must be in phase with the counter 
к. M. к. and add itself thereto. But since the current is always 
90? ahead of the x. w. r. of self-induction it must be behind 
90° the impressed x. м. F. and consequently be lagging. 


If, on the contrary, the field excitation of the converter is 
increased so that its counter е. м. к. is higher than the impressed, 
it is evident that the к. M. к. consumed by reactance must be in 
phase with the impressed к. м. к. and add itself thereto. Conse- 
quently since the current is 90° ahead of the к. м. F. of self- 
induction it must be also ahead of the impressed к. M. F., in 
other words, the current is leading. By a similar discussion it 
is readily seen that the same argument is true, if the converter 
is loaded. That is, in this case the wattless lagging or leading 
current due to the difference between counter E. M. к. and im- 
pressed к. м. r., merely adds itself in its proper phase relation to 
the energy parent representing the load. 

It is thus seen how by means of converters, leading or lagging 
currents are caused to flow in the lines. It is readily shown how 
the voltage at the receiving end of the system can he changed 
by causing a leading or lagging current to flow over a line with 
some self-induction. 

Graphically this is done in Fig. 3. Let O 7 denote the current 
which is assumed to be in phase with the x. M. Е. in diagram А. 
The к. м. F. consumed by resistance O È is in phase with this cur- 
= теп and the x. м. к. consumed by reactance O X is 90° ahead of 
the current. Thus, the E M. F. consumed by the impedance of 
the system is represented by О Z and is the resultant of О Љ and 
О X. The generator voltage is the resultant of this к. м. F. O Z 
and the к. M. Е. at the receiving end is thus represented 
by О Ку, which is larger than O Æ and larger than О E + О R. 


In diagram в, Fig 3, is assumed the same current flowing 
over the eame line, but the current is made to lead by a certain 
angle. It is readily seen in this diagram that the x. M. Е. which 
has to be generated is less than the x. M. Е. desired at the re- 
ceiving end, and of course much less than that in the first men- 
tioned case, where the current was in phase with the voltage 
At the receiving end. 
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In diagram c Fig. 3, is shown the same condition with lagging 
«current, and demonstrated plainly how the generator E. М. Е. is 
still higher than the generator voltage for non-inductive load. 

Since, however, there is considerable difficulty in getting defin- 
ite numerical instances worked out with any degree of accuracy 


by means of graphic methods, the analytical treatment is given 
below : 


A 
E 
О 
LEADING CURRENT Е, 

в 

X 2 

О R | 

LAGGING CURRENT 

4 


Fic. 8.—Graphie Method of Obtaining the Generator Voltage, e,. 
in a Circuit of Resistance and Reactance. 


Let е, = the generator voltage, the induced Е. м. r., if the gen- 
erator field excitation is kept constant or its terminal x. м. Е. 
if the excitation is varied with the load so that the genera- 
tor voltage is kept constant. 

€ = the x. м. F. at collector rings of rotary converters. 

2, + % in symbolic expression the current taken by the rotary, 
~ à the energy current, and 2, the wattless current, and 
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г = ғ — j t the total impedance between є, and e, that is the to- 
tal impedance of transmission system and generator in the 
case of a generator with constant excitation, and the impe- 
pedance of the transmission line! if the generator voltage 


16 constant. 

We have the following equations : 

% = e + (Gh +J %) (r — j x) or (A) 
e = (le + ir + ж) t (1 а — 6 ry (B) 
At non-inductive load 7, = 0 

therefore e? = (2 + 47 + 2, &* (C) 
At no load 2, = 0 

therefore e} = (e + 2 а) + ù *r* (D) 


Usually it is required that the converter voltage shall remain 
constant or increase with the load, when the generator voltage or 
excitation is kept constant. If each converter is operated from its 
own generator, itis preferabletoleavethe generator field excitation 
constant and thereby use the generator reactance for phase con- 
trol and avoid any necessity of regulation in the generating sta- 
tion. If, however, many converters are operated from one gen- 
erator, or if all generators in the power station are operated in 
multiple, it is preferable to keep the generator terminal voltage 
constant, and control the converter voltage by outside reactances 
in a low reactance transmission, or by the line reactance in a. 
highly inductive transmission. 

In either case equation B applies, if it is borne in mind that the 
impedance Z = r — 7 2 includes the generator in the first case 
and only refers to the transmission system between generator and 
converter in the latter. Furthermore, if it is desired to have 
overcompounding, that is, converters which increase their voltage 
with the load, the converter voltage e should be expressed by 
e = е + pi, where e is the no load к. м. F. and р 7, gives the 
increase in E. M. F. at a load of ?, amperes. 

Thus the general equation of phase control becomes 


в = €-k p -r TJ 4) (т — j а) or 
w = (6 ра t irt ъа) (azse—4àry (Ey 
where p 2, is O in a rotary with constant voltage at all loads. Ав 
seen, the overcompounding enters the equation in essentially the 
same way as а resistance and can therefore in most problems be 
assumed as such. 


1. Including transformers and other intermediary apparatus, 
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Looking over equation A, we find that it is the relation of 
E. M. F.'8 and currents in an alternating current transmission line, 
indeed, the usual equation for determining line drop, ete., and 
corresponds to equation ey = e + 27 in a direct current line. 

Since a converter can be made to take leading or lagging cur- 
rent by changing its field excitation and thus its counter к. M. F., 
such an installation gives the most favorable opportunity to study 
the fundamental principles of alternating current. 

It may perhaps seem as if it would be rather a delieate opera- 
tion to accomplish this potential control in commercial circuits 
where available instruments, ete., would prohibit the determina- 
tion of leading or lagging currents necessary for the control with 
any degree of accuracy, yet the problem is perfectly simple and 
resolves itself to adjusting the shunt excitation for a given run- 
ning light current which is predetermined by calculation, and 
afterwards to adjust the series field so that the converter takes 
minimum current, that is, runs non-inductively at the desired 
load. 

It will then follow that the potential control for all intermedi- 
ate loads is perfect, at least within very close limite, as I shall 
show later. 

The running light current is readily determined from equations 
(B) and (C). 

Let 2, = 2, at non-induetive load where ù = 0 
| 4 = i running light where 7, = 0 

then е = (e + e, ry + 4? x? which substituted in equation (С). 
gives (e + à rf + 2,72 = (e+ d ey + 2 7 which solved in 
reference to % the running light current gives 

- 6m eg дет 

„= + Лб EGER m 

2 < 2 

denoting the converter voltage e — 1 

The converter full load current ?, = 1 
and assuming the converter non-inductive at full load we get the 


equation of running light current. 


: ж 9р 
Е М +1 Mise 


2 
2" 
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The magnitude of this eurrent is caleulated and plotted in Fig. 
4 for different conditions of resistance and reactance. 
Curve « shows the conditions at 15% energy loss. 
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Fie. 4.—Dependence of Running Light Current on the Reactance 
and Resistance of the Circuit. Converter Adjusted to Run 
Non-Inductively at Full Load. 


It shows plainly that the lesser the loss the lesser is the running 
light current and the lesser reactance is necessary. In a system 
of 5% loss 30% reactance, that is such a reactance should be in- 
serted as gives 30% of rated voltage at full load current. In a 
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. system of 15% loss, however, 50% reactance would be about as 
low as we would go, and yet the running light current is 50% of 
full load current. 

It is evident also that the more energy loss, the higher should 
the generator voltage be relative to the converter voltage as shown 
by the equations. 

In the above case we assumed that the converter should run 
non-inductively at full load; usually, however, it is preferable to 
run it non-inductively at a somewhat lighter load, say $ load. 
Under these conditions substituting in equation / for 4, = .75 
the equation of the running light current and non-inductive load 
at 3 load becomes, 


к a 1.5 
à = 24 V 5456+ DD 


In this case with 407; reactance,the running light current is only 
20% of full load current at 10% energy loss, and with 50% react- 
ance only 84% at 157; energy loss. Therefore it would indeed 
seem as if it always were more favorable to run with non-induc- 
tive load at 2 load. "This is still more evident, when investiga- 
ting the power faetor eurves with these adjustments, yet there 
are some reasons why sometimes converters are adjusted for 
non inductive load at full load as will be seen. 

The maximum output of a converter is practically unlimited 
provided the generator voltage can be increased, and there is 
sufficient capacity behind the generator. 

With the best arrangement of reactance, resistance and genera- 
tor voltage, this is limited only by the resistance in the trans- 


mission and is expressed by equation 2, = 


later. Usually, however, the maximum output is less than 
this, so that only the maximum value can be obtained by this 
equation, so that the above equation should be written 2, = 
s where 2, is the limit of energy current, that is output, e; 
and e the generator and converter E. M. F.’s respectively and 7 
the resistance in the system. 

To obtain the maximum possible output with а given line 
impedance, the converter should run non-inductively at higher 
outputs as the generator voltage increases, so that for instance, 
if the system has 10% energy loss and 40% reactance and the 
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generator voltage is kept 124% above the converter voltage, 
the maximum output is 2.12 times rated output and the con- 
verter should run noun-inductively at £ of rated load. If the 
generator voltage were 18% higher than the converter voltage, 
the output would have been 2X4 times the rated, and the con- 
verter would run non-inductive at full load and finally, if the 
generator voltage were 30% higher than the converter voltage the 
maximum output would be 2.55 times the normal output but the 
non-inductive load would have been 14 times full load. In other 
words the converter should run with lagging current up to 50% 
overload. 

In commercial installations, however, where there is always a 
limit to the generator voltage, which limit is caused by satura- 
tion of the machine, or outside conditions which do not permit 
of excessive voltage in the power station, the output of a conver- 
ter is by no means unlimited, and thus some care has to be taken, 
to get the proper reactance, since with a given difference in 
generator and converter potential, the output changes as we 
change the reactance and resiatance. 

Referring again to equation (B). 

By solving the equation in reference to 2,, it is 


LI NECARE" DUE a 2 
2 еда ERE о 2642 ey — e 
à-—'24y алан 


ОГ 


where c, is the limiting current which directly represents the 
limit in output. 

Solving this equation in reference to z the impedance, the fol- 
lowing expreseion gives the impedance corresponding to a given 
maximum output : 

LC MERE NN 
€ 42 
for maximum output 


/ Ее ле 
y &—2eri, Ve! — tireo 


e* = 42, ree ог 3, = 
4er 
as given above. 
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Inserting this value we get, 


or if 


~ tn 
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Fie. б.—Сигуе Giving Maximum Possible Output and Correspon- 
ding Ratio of Reactance and Resistance for Given Ratios of 
Generator and Converter Voltages. 


and 


7 
amd; V4 — kÉ 


-or to get maximum output for a given ratio of generator and 
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converter voltage the ratio of reactance and resistance is fixed by 


equation 
zc ,/4—F 
PUS 
thus 
% — 1 1.1 1.15 1.2 
€ \ 
m= - = 1.73 1.59 1.42 1.33 
max. output = ‚95 © „975 % 2875 9 302% 
r r Po r 


сі 
Zax ов тг 
Fic. 6.—a and a’ are Curves SOT DK How the Maximum Output 
e 


of a Converter Depends Upon the Reactance in the System. 
Full Load Assumed to be 1. Energy Loss 10%. Generator 
Voltage 19% Higher than Converter Voltage. ò and 5' show 
how Output Depends upon the Resistance at 40% Reactance. 


EFi=-1.4 Е = 1. 


т = .1 and Variable z = curve a. 
2 = 4and Variable r = curve b. 
Curve a' = Position of Non-Inductive Load Variable z. 


Curve 0’ = Position of Non-Inductive Load Variable r. 


It must, however, be borne in mind that this limiting value by 
no means represents the best “all around” condition. Indeed by 
choosing the reactances from results obtained from this equation 
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and Fig. 5, the power factor of the system would in general be 
very poor, therefore it would be better either to sacrifice some in 
output and increase the reactance, or raise the generator voltage 
some and thus keep the output with the greater reactance. 

In Fig. 6 a couple of curves a and a, are given showing the 
relation between reactance in the transmission line and the max- 
imum output of & converter for given energy loss, and also at 
which load the converter should run non-inductive under those 
conditions. These particular curves are figured out for a gener- 
ator voltage 19% higher than the converter voltage and 10% 
energy loss in transmission. | 

As seen, the maximum output would be 3.45 times rated out- 
put with a reactance of only 15% and with the converter so ad- 
justed as to run non-inductively at about 1.6 times full load cur- 
rent. This condition is of course rather absurd, since it means a 
very large running light current with consequent very low power 
factors at all loads up to full load or thereabouts. The curve also 
shows that if it was desired to ran the converter non-inductively 
at full load, a reactance of 42% should be chosen and the maxi- 
mum output would be 2.2 times full load output. 

Fig. 7 shows similar curves with a lesser difference between 
generator and rotary voltage. The generator voltage is kept 
ten per cent. higher than the rotary voltage and the energy loss 
is the same as in previous case, that is, ten percent. It is shown 
that the maximum output is three times rated output, and that 
this is obtained by a reactance of about 15 per cent. Also that 
the converter then should run non-inductively at 95 per cent. of 
rated load. With this small reactance the running light current 
will be quite large and the power factors comparably low at 
lighter loads, so that although the power factor is high at full 
load, it is really not as good a feasible arrangement. If, under 
these conditions, that is with ten per cent. higher generator volt- 
age than converter voltage, it was desired to get a maximum 
output of double rated output of the converter, a reactance of 
42 per cent. would be suitable, and the converter should run 
non-inductively at 65 per cent. of full load, which gives very 
good general characteristics as far as power factors are con- 
cerned. | 

The output of the converter depends also necessarily upon 
the resistance in the line. To illustrate this another set of 
curves is plotted in Fig. 6 denoted by b and 5,, b showing the 
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maximum output for different values of energy loss with a re- 
actance in the system of 40 per cent., and б, at which load the 
converter should run non-inductively under those conditions. 


50 60 70 
i ж X es 
Fie. 7.—Curve Showing How the Maximum Output of a Converter 
Depends Upon the Reactance in the System. 10¢ Energy 
Loss, Generator Voltage 104 Higher than Converter Voltage, 
and Full Load Output of Converter Assumed as 1. 
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As seen, the output increases very rapidly as the energy loss 
decreases at least within commercial conditions, that is between 
five and 20 per cent.loss. The maximum output with 40 per 
cent. reactance and zero resistance would be three times rated 
output. ` 

With five per cent. energy loss the maximum output would 
be 2.6 times rated output, and the converter should be adjusted 
for non-inductive load at 14 full load. 

The eondition which is to be met with in & commercial in- 
stallation is, that the generator is limited to a certain value, 
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Power Factors for various Reactances. Maximum Output for 
g = .142 is 8804 of full load. 
Power Factor Curves of Converters Operated from Generator 
rn p Higher Voltage than the Converter Voltage. Energy 
oss 10%. 


that the converter voltage shall be maintained constant at all 
loads or increase with the load, and that that there shall be a 
eertain margin in maximum output and the highest power fac- 
tors at all loads. | | 

As an illustration, in Fig. 8 is plotted a number of curves 
giving the power factors at the converter under the assump- 
tion that the generator voltage is constant and 15 per cent. 
higher than the converter voltage, that the full load x. w. r. 
and current is unity, and the resistance or rather the energy loss 
is ten per cent. for different values of reactance. 
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e=1 Non-ind. at 4 load. 
( Curve 1. 
Wattless Current given i m E 
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Curves Showing Power Factors of Converters adjusted to run 
non-inductively at $ load on a Circuit of 40% Reactance, and. 
5, 10 and 15¢ Energy Loss, and Censtant Voltage at Converter 
at all loads. | 
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As can be ascertained by equations given above, the maxi- 
. mum output that could be obtained under such circumstances 
is 3 3 times rated output with a reactance of 14.2 per cent. The 
power factor under these conditions is as seen, exceedingly unsatis- 
factory. The converter would have to run non-inductive at 
140 per cent. load, and the power factor at 1 load is 20 per 
cent., 4 load 60 per cent., at 2 load $2 per cent. Apparently, 
judging from the power factor curve the most satisfactory re- 
actance would be about 46 percent. The converter is practically 
non-inductive at full load, has 95 per cent. power factor at 4 
load and 71 per cent. at + load with an output of over 2.5 
times rated load. | 

In general it may be quite satisfactory to decide upon a cer- 
tain reactance and load at which the converter shall run non- 
inductively, and let the generator Е. м. F. correspond thereto. 
In Fig. 9 are plotted some curves under à similar assumption 
with a reactance of 40 per cent., resistance of five per cent., 
10 per cent. and 15 per cent. respectively, and assumption 
that the non-induetive load should be 2 of fullload. As seen, 
the power factor is better the lower the resistance is, yet even 
over this range of energy loss there is very little difference 
around loads between half and full load. The running light 
eurrent, however, depends greatly on the line loss, and is, as 
seen, 20 per cent. with five per cent. energy loss. 30 with 10 
per eent, 38 with 15 per cent. energy loss. The current is 
necessarily lagging up to 2 load and then becomes leading. 

If the converter were to be over-compounded the power 
factors would have been somewhat poorer, since as stated above, 
over-compounding actsin essentially the same way as increased 
energy loss. 

This is illustrated in Fig. 10 where corresponding curves are 
plotted for a converter of ten percent. over-compounding, that 
is, for a converter where the terminal voltage is expressed by 
1=etp 1%. 

The power factor at the generator will be slightly poorer at 
light load and slightly better at heavy load than at the converter, 
assuming that the transmission line has considerable self-induc- 
tion. | 

In Fig. 11 is plotted in a different way the wattless current in 
the line corresponding to condition given in Fig. 9. Here it is 
plainly seen how the amount of lagging or leading current is not 
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proportional to the load, consequently the magnetizing or demag- 
netizing effect of the armature current is not proportional thereto. 

In practice the shurft field is so adjusted that the converter 
takes the required lagging current running light, and the series 
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field is made to increase the excitation so as to give the required 
field strength at non-inductive load. Since, however, the series 
excitation is proportional to the load, it is evident that without 
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hand adjustment, it would be theoretically impossible to accom- 
plish perfect phase control; or rather, it would be impossible to 
have constant voltage at the rotary converter with constant volt- 
age at the generator. The difference, however, is exceedingly 
small, the series field being slightly too strong at light load and 
too weak at overload, in other words the voltage will be slightly 
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Curve Showing amount of Leading and Lagging Current in 
Line in order to get perfect Phase Control. 40% Reactance. 
b, 10 and 15% Energy Loss. 


increased at the converter up to non-inductive load and will drop 
slightly at overload. 

In the preceding we have not considered this point and have 
assumed that the theoretical loading or lagging current can be 
obtained at any load. Consequently the values which we have 
given of maximum output of the converter are not quite true in 
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practice but the output is always less. The amount of this 
decrease in output depends upon the magnetic characteristic of 
the machine and can readily be determined in practice. 

Before closing the paper it might be well to discuss the con- 
ditions which govern the amount of reactance, ete., in Ше 
machines. As stated in the beginning of the paper, in plants 
where one converter is operated from one generator it is con- 
venient to use the generator reactance for phase control. Since, 
however, as seen, it requires considerable self-induction to do this 
at high power factors, it means a generator of high armature 
reaction and self-induction, in other words a generator with rather 
limited output with constant field excitation. This is not ob- 
jectionable, since by leading or lagging currents the output can 
really be made as high as desired, even if the armature reaction is 
high. Yet when considering that it is often desirable to start 
the rotaries from the generator and therefore its voltage may be 
reduced greatly at the starting moment when the converter 
necessarily takes а large lagging current, it may not always be the 
best poliey to use the generator reactance alone for phase control. 

Often, however, converters are started from the direct eurrent 
side and sometimes by auxiliary motors. Under these conditions 
the generator might conveniently be made with very high 
armature reaction. . 

In plants where several converters are operated from one gen- 
erator, or from a number of generators in parallel, control by 
generator reactance is not to be recommended, since it involves 
the change of series field adjustments with the change of gener- 
ator capacity. The generators may be made of any armature re- 
action since several of them are used in parallel іп starting, yet 
it must of eourse be borne in mind even then, that if the 
armature reaction is too high, the large current taken in starting 
a converter from the alternating current side, may cause the 
voltage to drop so far ns to seriously disturb the system in gen- 
eral. 

Regarding converters themselves, it is obvious from the pre- 
ceding discussion that they must be of composite type, that is, 
they must have shunt and series excitation. 

Shunt wound converters do not permit of automatic phase 
control, but at constant adjustment of the field will always run 
at the same wattless current at all loads, so that, for instance, 
if the field is adjusted for non-inductive load at one load, the 
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converter will run non-inductively at all loads, and therefore the 
drop in voltage at full load will correspond to the energy loss 
in the system, and the converter voltage will be higher at lighter 
loads than at heavier loads, therefore will vary as the load varies, 
and phase control is thus feasible only by hand regulation, 
that is, in systems where the load varies only slowly as in light 
ing cireuits. 

Reaction converters take lagging currents at all loads and thus 
are in general objectionable, the more so as they do not allow 
any automatic potential control. 
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The striking distance is constant from 40 to 125 cycles, and 
probably for some range outside thereof. At zero cycles, that is, 
continuous electrostatic stress, a deviation may occur, due to a 
difference of the mechanical motion set up in the medium. 

Of very high frequency as 100,000 cycles or во, nothing can 
be said, since no means exist to measure voltages at such fre- 
quencies. Calculation from the constants of the circuit is not 
pe since these constants may be entirely changed at very 

igh ae мш. The ratio of transmission gives entirely wrong 
results, due to capacity and self-induction, and no instruments 
that I know of can measure the maximum values of very high 
frequency oscillations. 

he only means of producing very high frequency is the con- . 

denser discharge, and this does not give constant potential, but 
is а limited power method in which the potential depends upon 
the conditions of the circuit. 

There appears to me no reason, however, why the striking 
distance for a given voltage, with sufficient power behind to 
maintain this О, should be different at very high frequency, 
and in the absence of any satisfactory means of measuring vol- 
tages at such very high frequency, I should rather be inclined to 
estimate voltages from the striking distance, even at such fre- 
quencies, and do not believe that such estimates would be very 
far wrong. | 

Regarding the reason for choosing the arrangement described, 
of four separate transformers, it was done for safety, and con- 
sidered desirable when these transformers were built, four years 
ago. Since that time single transformers for 100,000 volts have 
become a standard article of manufacture, for testing purposes, 
and are at this writing no great curiosity. But still, a great dif- 
ference exists in the electrostatic stress at 100,000 and 160,000 
volts. 


Schenectady, N. Y., Sept. 18, 1898. 
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THE COMMUTATED CURRENT WAVE OF A COM- 
POSITE-WOUND ALTERNATOR. 


BY DUGALD C. JACKSON. 


The accompanying curves were taken by Mr. H. S. Webb, 
one of my graduate students, during a relative study of the cur- 
rent and pressure waves in the various branches of a 50 kilo- 


INSTANTANEOUS VOLTS 


Fie. 1.—Open Circuit Pressure Wave. 


watt alternator with composite winding. The normal pressure 

of the alternator is 1,100 volts, and the frequency is 125 periods 

per second. The machine was built several years ago by the 

Thomson-Houston Electric Co., and has the usual construction 
40:8 
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of the old belt-driven alternators with ten field-poles and a 
toothed core, ribbon-wound armature. The driving speed dur- 


INSTANTANEOUS VOLTS 


INSTANTANEOUS AMPERES 


Fic. 3.—External Current Wave with Load of 24 Amperes. 


ing the tests was quite unsteady, as the machine was driven by ; 
the same engine that drove two street railway generators, and I 
this resulted in irregularities which are evident, iu the curves. | 
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I am not acquainted with any results which have heretofore 
been given in the Transactions of the InstircTE or elsewhere, 
which show the characteristic form of the commutated current 
waves in the series field of an alternator, and I therefore present 
these curves. The question of the form of the commutated 
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Fic. 5,—Commutated Current Wave with Load of 22 Amperes. 


current wave is mentioned in two or three text-books, but ex- 
perimentally determined waves do not appear. 

In the series of curves presented herewith, Fig. 1 is the pres- 
sure wave at open circuit, and Fig. 2 is the pressure wave when 
the armature current equalled 22 amperes. A comparison of 
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these gives an idea of the extent of the effect of armature re- 
actions on the form of the wave. Figs. 3 and 4 respectively, 
show the waves of external current when the load amounted to 
24 and 25 amperes, the machine being worked upon an incan- 
descent lamp load through partially loaded transformers. Fig. 
5 shows the wave of commutated current in the series field when 
the externa] current equalled 22 amperes. Fig. 6 shows a simi- 
lar wave when the load averaged 24 amperes but varied some- 
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* 


Fic. 6.—Commutated Current Wave with Variable Load averaging 34 Amperes. 
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Fio. 7.—Commutated Current Wave with Load Falling from 28 Amperes. 


what, and Fig. 7 shows a similar wave during a period in which 
the load on the machine was dropping rapidly. At the begin- 
ning of this period tlie load was 28 amperes. Fig. 8 shows the 
puleation of current set up in the circuit of the continuous cur- 
rent external exciter, by the pulsations of the magnetism in the 
fields of the alternator when the load is respectively 23, 25 
and 28 amperes. 
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A comparison of the external current waves, such as are 
shown in Figs. 3 and 4, with the commutated waves such as are 
shown in Figs 5 and 6, shows that the commutated waves 
have practically the same form as the original waves of current 
(with alternate loops inverted) except in regions occupying 
about 25 degrees on either side of the zero points of the orig- 
inal waves. Within these regions the commutated waves do 
not come to zero and they take a characteristic toothed shape, 
as is to be expected from the effect of the self-induction of the 
field windings when they are short-circuited by the brushes on 
the commutator. There does not appear to be any immediate 
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Fig. 8 —Curves Showing Pulsation of Current in Separate Exciter Circuit 
with Various Loads on Alternators. 


connection in this machine between the pulsations of the series 
field current and of the current in the separately excited field. 
The latter pulsations are, in fact, sufficiently accounted for 
through the effect of the rotation of the toothed armature and 
the effect of armature reactions. 

The points on these curves were located by a balance or 
potentiometer method similar to that described on pages 296 
and 297 of Jackson’s “ Alternating Currents,” but, instead 
of the usual galvanometer or telephone receiver, Mr. 
Burgess’ portable form of capillary electrometer (which is 
described by him in а paper presented to this meet- 
ing) was used to indicate the point of balance, This instru- 
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ment has been used in tracing alternating current curves by 
quite a number of my students, and it is the unanimous verdict 
that the instrument greatly increases the convenience, the accur- 
acy, and the speed of the method. We have had а number of 
the instruments in use during the past winter and have found 


them perfectly portable, difficult to injure, and practically un- 
affected by external influences. 


A paper presented at the 15th General. Meeting 
of the American Institute of Electrical En- 
gineers, Omaha, June 29th, 1898, President 
Kennelly tn the Chair. 


SOME TESTS WITH AN INDUCTION GENERATOR. 


BY А. F. MC KISSICK. 


It has been pointed out by several engineers, especially by Mr. 
Charles P. Steinmetz, that an induction motor, driven mechanic- 
ally at a speed above synchronism, will act as a generator, and 
that for its operation as a generator there must be connected to 
it either an alternator or a synchronous motor. 

In an article published in the Alectrical World, Jan. 21, 
1893, by Mr. E. Danielson, the following experiment is de- 
scribed: “ А three-phaser a of 50 volts (as measured from the 
neutral point to each of the brushes), and with a current capacity 
of about 60 amperes, sent current to a motor B, with inductive 
winding of about the same capacity. The motor, by means of 
a belt, ran & continuous current dynamo, c of 330 volts and 16 
amperes. The matters were reversed so that dynamo c, fed 
from a 330-volt circuit, ran the motor B as a generator, sending 
a rotary current to the three-phaser a, which then became a 
motor. The belt was then thrown off of a, and trials were 
made to break it out of step with the current, but without suc- 
cess. 

Again in the excellent paper of Mr. Charles P. Steinmetz on 
“Induction Motors” presented before the AMERICAN INSTITUTE 
oF ErEcrRICAL ÉwaiNEERs on July 26, 1897, the use of an in- 
duction motor as a generator was referred to as follows: “ Ав 


generator the induetion machine differs from the synchronous 
alternating eurrent generator, or generator with constantly 
excited field, in-so-far as the latter can yield current and output 
at any power factor, that is, any phase displacement correspond- 
ing to the load, while in the induction generator at given ter- 
miual voltage to every value of current output a certain power 
: factor of load corresponds. That is, to derive a certain value 
of current from the induction generator, the total load put on it 
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must have the particular power factor corresponding to this cur- 
rent, and besides leading current or if the power factor of the 
load changes, current and voltage of the induction generator 
will change accordingly. In consequence thereof, in general 
the induction generator is stable only, if at least a part of the 
load consists of synchronous motors." 


In the discussion that followed this paper, Mr. Steinmetz 
speaks further of the induction generator as follows: “ Тһе 


induction generator is a very important piece of apparatus, 1 
believe. lt is, however, somewhat restricted in its application, 
due to the necessity of having as load a circuit of leading cur- 
rent. But whenever the conditions are such that it can be used, 
as for operating synchronous motors or rotary converters, this type 
of machine has the great advantage of the absolute absence of 
continuous current exciting circuits, collector rings, or any other 
parts requiring attention. The voltage is generated in a station- 
arv structure and the revolving part is a solid structure of iron 
and copper bars. Furthermore, as soon as the circuit is opened 
or short-circuited, the power is gone and the machine is dead, so 
that you get here a type of alternator requiring no attention 
whatever. Besides you can run it at different speeds and still 
get the same frequency out of it. There is another interesting 
feature noticeable when comparing the induction motor curves 
and the induction generator curves. The same machine as in- 
duction generator gives a considerably larger output electrically 
than as induction motor mechanically. In a future paper I 
shall dwell more particularly on the induction generator, and 
may mention here only that I have operated synchronous motors 
from an induction generator, the шсш] output from the 
ү motor riven by the induction generator was larger 
than the maximum mechanical output which could be derived 
from the same induction machine as induction motor.” 


The results of the tests made, show close agreement with the 
theory as given by Mr. Steinmetz. | 


APPARATUS. 


The tests described in this paper were made with a General 
Electrie 5-u.r., 3-phase 220-volt, 6-pole, 60-cycle induction motor 
(with starting resistance in secondary rotating element), driven 
by а 10-n.r. 110-volt Thomson-Houston direct current motor. 

The machine used as an alternator and synchronous motor in 
the tests was an “Ideal” 5-kilowatt 3-phase, 0-cycle, 10-pole, 
220-volt machine, and could be belted either to a jack-shaft or 
to a 3-kilowatt-Edison-125-volt dynamo. 


Ee, — m amen TUNES, а лала алны К Т = = RR Rm rt 


1893. ] MC KISSICK ON INDUCTION GENERATOR, 411 


The eurves in Fig. 1 show the operation of the induction 
machine as а motor with varying output. 


Part I. 

In the tests under this head, the belt connecting the Ideal al- 
ternator to the jack-shaft was in each case thrown off after 
starting and the alternator run as a synchronous motor, either 
empty or driving the 3 kilo-watt-Edison dynamo. 


PERCENTAGES 


Curve of Magnetization.—The method of making this test is 
as follows: Start induction motor from Ideal alternator, the 
10-н. р. direct current motor being belted to the induction 
machine, when up to speed, supply current to 10-н. р. direct cur- 
rent motor, driving induction machine near synchronism, and 
throw off belt connecting alternator to jack-shaft. This alterna- 
tor will then run аз а synchronous motor, receiving its current 
from the induction machine, which is now being driven as a 
generator by the 10-n. р. direct current motor belted to it. 
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By varying the exciting field current of the synchronous 
motor, the voltage of the induction generator is varied, and 
from the readings of field current in synchronous motor and 
voltage at terminals of induction generator, the curve, marked 
* [Induction generator " in Fig. 2 is obtained. 

The magnetization of the Ideal alternator is also given in Fig. 
2, which is almost identical with the magnetization curve of the 
induction generator. 

Test With Induction Generator Driving Synchronous Motor 
Ivaded.—In this test the alternator was made to run as a 
synchronous motor by the induction generator as before, and then 


30 3.25 3.5 3.75 40 425 45 4.75 5.0 


AMPERES 
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belted to the 3-kilowatt-Edison, driving this machine as a 
dynamo. 

The results of this test are shown in Fig. 3. 

In making the calculations for efficiency, the energy required 
for the excitation of the synchronous motor fields was charged 
up againet the synchronous motor. 

Fig. 4 gives the results of the following test: With the con- 
nections the same as in the preceding test, and the load on the 
3 kilowatt Edison maintained constant, the voltage of the in- 
duction generator was varied, and corresponding current, watt 
and speed readings recorded. 
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The voltage was varied from 260 to 125, the synchronous 
motor falling out of step on attempting to lower the voltage to 
100. 

Curve a gives the variation of supply current with field 
current, curve B variation of supply current with voltage 
of supply, and curve c is plotted between power factor and 
voltage of supply. 
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It is interesting to note the similarity between the general 
shape of curve A and the curve plotted between the same 
co-ordinate values as curve A, obtained from a synchronous 
motor with constant load, supplied with alternating current at a 
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constant pressure, and also the similarity between the curves in 
Fig. 4 and those in Fig. 5, which were taken with the induction 
machine run as а motor, the load being kept constant on the 
motor, but the supply voltage varied. 

It will also be noted that in both tests the power factor in- 
creased uniformly with decrease of voltage. 

Test of Induction Generator with Lamp Load.—The induc- 
tion generator was started as before, and a lamp load that could 
be varied, put on, it of course being necessary to run the syn- 
chronous motor empty. 
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The load ір lamps was varied from zero to the full load of 
the induction generator, with the results as shown in Figs. 6 
and 7. 

In calculating the results shown in Fig. 6, the watts supplied 
to the alternator running as a motor, and to the lampe, was 
taken as the output of the induction generator, the efficiency 
being this output divided by the input to the induction 
generator, and the power factor, this output divided hy the total 
apparent watts from the induction generator. 

In Fig. 7 the fact that the energy delivered to the alternator, 
and that required for the excitation of the alternator fields, 
does no useful work, is taken into account. So in calculating 
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the results in Fig. 7, the watts supplied to the lamps w were consid- 
ered as the output, the efficiency being this output divided by 
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A- EFFICIENCY AND OUTPUT TO LAMPS 
B- POWER FACTOR« 


Fie. 7. 
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the input, and the power factor this output divided by the total 
apparent watts from the induction generator. 
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Synchronous Operation of Alternator.—The speed of the in- 
duction generator was varied, the voltage of supply being 
maintained constant, and corresponding readings of speed taken 
on alternator running as а synchronous motor, which showed 
that motor ran in synchronism with induction generator. The 
results are shown in Fig. 8, the full line representing the syn- 
chronous speed line, the small circles the points found from 
readings. . 
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In this test, and all preceding tests, the belt connecting alter- 
nator to jack-shaft was thrown off, after the starting up of the 
induction generator. 


Panr II. 


In the tests under this head, the belt connecting the Ideal al- 
ternator to the jack-shaft was not removed. 

Test of Induction Generator, furnishing current to alterna- 
tor._-The induction generator was started up as usual, and its 
speed gradually increased from below synchronism to about six 
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per cent. above synchronism, readings taken as usual. The al- 
ternator was therefore run as a motor and helped to drive the 
jack-shaft. 

The results are plotted in Fig. 9, which will be found by com- 
parison to resemble the curves constructed by Mr. Steinmetz. 

It is interesting to note in connection with tlis test the read- 
ings on the two wattmeters, as shown in Fig. 10. 

At the beginning of the test before the induction motor was 
speeded up, readings were taken on the two wattmeters, and as 
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the power factor was below 50 per cent., the reading on one 
wattmeter (No. 2) was negative, hence its connections had to 
be reversed, and while its connections were reversed, the differ- 
ence of the two wattmeter readings represented the total true 
watts. As soon as current was turned on the shunt motor 
(insufticient however to make this machine act as a motor and 
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drive the induction machine), the load on the induction motor 
was decreased, the power factor decreased, and the correspond- 
ing wattmeter readings are shown in Fig. 10. 

On furnishing suflicient potential to the shunt motor to make 
it act as a motor, and drive the induction motor as a generator, 
the readings on wattmeter No. 1 diminished and finally became 
negative (necessitating a changing of its connections), while the 
readings on wattmeter No. 2 continue to inerease as shown, and 
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always negative. Under these conditions, the total watts will be 
the sum of the two wattmeter readings, and as the sum is nega- 
tive, the induction generator is supplying energy to the Ideal al- 
ternator. 

Test with Induction Generator furnishing Current to [deal 
Alternator and to a Bank of Lamps.—This test is the same as 
the preceding one, except that a bank of lamps is connected to 
the three-phase terminals. At the beginning of the test, the 
alternator furnished current to both induction motor and lamps, 
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when on speeding up, the induction motor, now running as a 
generator, supplied eurrent to both lamps and alternator, which 
acts ав a motor helping to drive the jack-shaft. 

The results of these tests are shown in Fig. 11. 

Curve в is plotted with induction motor output as ordinates 
and number of revolutions per minute above synchronism as 
abscissee. At first the output is negative, which indicates that 
the motor is receiving energy from the alternator; at 11 revolu- 
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tione per minute above synchronism it commences to act as à 
generator, and at 22 revolutions it is furnishing energy to both 
alternator and lamps. 

As pointed out by Mr. Steinmetz, the induction generator can 
be run at different speeds and still the same frequency obtained 
from it. For proof of this, a small induction motor was con- 
nected in the above test to the three-phase maine and run with 
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no load. Variation of the speed of the induction generator 
from synchronism to 20 per cent. above synchronism, did not in 
any way affect the speed of the little induction motor, its speed 
remaining constant, which was almost synchronous with the Ideal 
alternator. 

Of course the above will not hold true when the conditions 
are as described in Fig. 8. 

On attempting to make some tests with this induction genera- 


tor as a single-phase instead of a three-phase machine, it was. 
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found that the current required by the motor when running as 
a synchronous motor (with belt connecting alternator to jack- 
shaft thrown off) was excessive, so that this test had to be 
abandoned. 

Uses of Induction Generator.—The most probable use of the 
induction generator will be for boosting. Mr. Kelly has discov- 
ered (Electrical World, March 20, 1897), that an induction gen 
erator, having its field coils in series with the mains, will act as 
a booster or feeder regulator, and that this action as a booster 
at any particular speed above synchronism, will depend upon 
the amount of current supplied to the field magnets. 


4 
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In order to use an induction generator as a booster, the fields 
are connected in series with the main line, and the induction 
generator driven above synchronism. With no current flowing, 
there will be no boosting action, but as soon as current flows, 
the boosting action commences, its amount depending upon the 
current flowing in the mains, and this amount for a given cur- 
rent may be varied by varying the speed of the induction genera- 
tor. So that by the use of an induction generator as a booster, we 
get a machine with no brushes, colleetor rings or commutator. 
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In ease the induction motor should ever be used for the pro- 
pulsion of street cars, its action as an induction generator, when 
driven above synchronism, could be taken advantage of in de- 
scending grades, thus pumping back energy into the line, doing 
away with braking to a great extent. 


Test of Induction Generator аз a Booster.—The induction 
generator and alternator, used in the above experiments, were 
connected in series as single-phase machines, with a bank of 
lamps and readings taken to determine its boosting action. 

In the first test ав a booster, the speed was maintained con- 
stant at 1,300 revolutions per minute (synchronous speed 1,230) 
and the current flowing in the mains varied: from zero to the 
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full load current of alternator, by adding lamps in lamp board. 
The results obtained are shown in Fig. 12. 

In the second test the speed of the induetion generator was 
varied between wide limits, the alternator к. м. к. being main- 
tained constant, and also the number of lamps connected in 
series with the two machines. 
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The results are shown in Figs. 13, 14 and 15. 

In Fig. 13, the results show that the potential difference 
around the induction generator terminals increased from 28 volts 
at rest, to 125 volts at a speed of 1,935 revolutions per minute, 
and that a slight’increase in speed бызда the machine to supply 
E. M. F., in other words, to act as a generator. This change, it 
will be noticed, is very sudden, going from a negative maximum 
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to a positive maximum in about 10 revolutions. Several attempts 
were made to get intermediate points between these two 
maxima, but without success. 

Fig. 14 gives the curves of amperes and “lamp E. м. r's.," this 
last expression being the potential difference around the lamp 
terminale. 

Fig. 15 shows the variation of the “lamp” and “induction 
generator к. M. F's.’ polar co-ordinates being used. For all 
pointe within the dotted are p, the induction generator causes a 
drop in potential, and for all points without this аге the induc- 
tion generator supplies potential to the system. The method of 
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construction of this eurve is simply the location of the vertices 
of the different triangles of E. м. F's. In this figure the points 
of the curve are numbered and the corresponding speed readings 
given in table. 

It is interesting to note the similarity between the curves in 
Figs. 13 and 14 and the one for torque and slip, given in Fig. 
16, taken from Mr. Steinmetz's paper on “ Induction Motors.” 
While the resulte, shown in these curves, were taken under 
somewhat different conditions, still the action, when the motor 
is driven near synchronism, is strikingly similar. 
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THE EVOLUTION OF THE LINE SIGNAL. 


BY ARTHUR VAUGHN ABBOTT. 


A careful observer at the first great American Exposition, the 
Philadelphia Centennial, might have noticed a tine wire running 
along a gallery in Machinery Hall, terminating at either end of 
_the building іп a small closet. Continued investigation would 
have disclosed a curious trumpet shaped apparatus into which 
the wire extended. whereby an attentive listener could, with the 
aid of a vivid imagination, distinguish articulated sentences 
delivered at the other extremity of the wire. Such was the first 
publie exhibition of the telephone, whereby the transmission of 
speech by electricity became a fact, and in the quarter of a century 
which has since elapsed, electrical arachnids have been so in- 
dustriously spinning a copper web that upwards of 600,000 miles 
of telephone wire now cover this continent, placing some 400,000 
persors in talking relations with each other, and annually trans- 
mitting about 900,000,000 messages. But the invention of the 
telephone was only half the solution of the transmission problem, 
for the instrument itself was useless without the necessary con- 
necting circuit. Receivers and transmitters are now much the 
same that they were twenty years ago, but a vast amount of skill 
and ingenuity has been expended upon apparatus for rapidly, 
effectually and economically placing subscribers in talking 
relations with each other and the telephonist of to-day is 
essentially a “ Transmission Engineer.” 

When telephonic communication is limited to two persons, it is 
simplicity itself to connect them by the requisite circuit, and pro- 
vide proper signals to attract attention to the reception of 


messages, but when the correspondents in a single municipality 
425 
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are to be numbered by thousands and tens of thousands, it 
is physically and financially impossible to erect a line from each 
station to all of the others, so early telephone undertakings 
developed the idea of the * central oftice,” to which lines from 
all subscribers in the immediate vicinity converge, equipped with 
the necessary paraphernalia for interconnecting at pleasure any 
pair of circuits. To carry out the exchange system, the first 
requisite ів to provide each circuit with some form of apparatus 
whereby the person desiring to send a message may gain the 
attention of the central office attendant. As the early telephonists 
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comprised many recruits from the “locksmith and bell-hanger 
school,” to which the degree of “electrician” had recently been 
added on account of a supposed familiarity with the installation 
of electric bells, it is not surprising that the earliest line signal 
was the then crude form of hotel annunciator. It consisted, as 
ie shown on the left of Fig. 1, of a pair of bulky spools wound 
with cotton covered wire, over which an armature was pivoted, 
carrying a catch that normally retained in a vertical position a 
door, or shutter. Electrical excitement of the spools released the 
catch and allowed the shutter to fall forward, disclosing a name 
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or number painted upon its inner surface. From the falling 
shutter, this piece of apparatus obtained the euphonious name of 
“drop,” and as originally designed it was exceedingly clumsy, 
occupying a space of 2" x 34, во but a very slight exhibition 
of mechanical skill sufficed to refine and compact it to a notable 
degree, developing the form shown upon the right-hand of Fig. 
1. When it was attempted, however, to set annunciators of this 
description in sufficient proximity to each other to place before a 
single operator such a number of lines as it was possible for one 
person to adequately serve, much difficulty was experienced, due 
to the cross-talk developed by magnetic leakage between the 
spools of adjacent signals. 


" x. 
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Increased mechanical skill and electrical knowledge obviated 
the cross-talk difficulty by ironcladding as shown in Fig. 2, and 
in this form, known as the “tabular drop," the line signal 
remained 2» statu quo for a number of years, and is still very 
widely employed. But in spite of improved mechanical and 
electrical details the tubular drop proved itself to be anything 
but an efficient signal. The falling shutter frequently did not 
attract the notice of the operator, even though the latter were 
eareful and attentive. Accumulation of dust, either around the 
trunnions supporting the armature, or under the shutter hook, 
prevented the shutter from falling, and if adjusted for maximum 
sensitiveness, the slightest earth current, or the discharge from a 
summer thunder shower was often sufficient to display degrees 
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of an entire switchboard. It is necessary to manually restore the 
shutter every time it falls, thus necessitating a considerable 
expenditure of time and energy for this purpose, and so the next 
step was the so-called self-restoring drop shown in Fig. 3. 

Here great skill has been displayed in mechanically designing 
and constructing the signal. The head of the drop is provided 
with а double shutter, one thick and heavy of iron, retained in 
its place by a lever catch connected to the rear armature ; the 
other, a thin outer flap of aluminium that normally conceals the 
number painted upon the iron disk.  Electrically, as shown in 
Fig. 4, there are two spools. The right-hand winding is designed 
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for the calling circuit, and when excited attracts the rear armature 
of the drop, lifting the catch and allowing the heavy iron shutter 
to fall forward, thus raising the aluminium flap and disclosing the 
number. The other winding comprises the restoring circuit 
consisting of a smaller spool whieh may be excited by a battery 
controlled by the operator in front of whom the drop is placed, 
the magnetism thus developed being sufficient to pull the heavy 
iron shutter back into its place, allowing the aluminium flap and 
eatch to return, thus restoring the drop to its calling position. 

Line signals should possess five characteristics. 

ist. Certainty in operation. 

9nd. Ability to immediately attraet attention. 
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9rd. Positiveness in the information conveyed. 

ith. Compactness. 

5th. Automatic Operation. 

The attempt to simultaneously attain all of these features has 
given rise to hosts of devices which, for purposes of classification, 
may be roughly divided into three groups: 

Ist. Electric Signals. 

2nd. Electro-Mechanical signals. 

3rd. Luminous Signals. | 

The self-restoring drop is the best illustration of a signal of the 
first class. The excitation of the tripping coil by the subscribers’ 
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ringing current exhibits the signal, while with the second circuit 
the operator electrically restores the signal to its normal position. 
The second division is exemplified by the devices shown in Figs. 
5 and 6. The contrivance illustrated in Fig. 5 is a particularly 
successful one, as it is reliable, compact and automatic. It con- 
sists of a spool surrounded by a pivoted sheet iron armature. 
Normally, the armature occupies the position shown at the right- 
hand of the illustration and is out of sight, but on exciting the 
spool the magnetization induced causes the armature to rise into 
the position shown at the left of the illustration, displaying the 
number painted upon the face of the armature. From the method 
of operation, this signal has received the suggestive cognomen of 
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*tip-up." Unfortunately this signal is only well adapted for use 
where battery currents are employed, as it is not so effective with 
alternating currents, and in order for the signal to remain visible 
the magnet must be continuously excited. The arrangement 
shown in Fig. 6 is ingenious and seems to possess much merit, 
but has never received a wide application. The usual exciting 
spool is supplied with a pair of projecting pole-pieces which sur- 
round a slightly inclined tube. In this tube a silvered steel ball 
is placed and the tube so inclined that normally the ball rolls out 
of view. When the spool is excited the magnetization developed 
causes the ball to roll forward and to project through a plate 
covering the orifice of the tube, which also prevents it from 
being expelled and lost. 

Many forms of luminous signals have been suggested but the 
only one in successful operation at present is the miniature 
incandescent lamp which has, on the whole, proven itself of the 
greatest value. So far as the writer can ascertain, the idea of 
employing incandescent lampe for signal purposes arose with Mr. 
J. J. O'Connell of the Chieago Telephone Co., who suggested in 
1888, the employment of an incandescent lamp upon burglar 
alarm cireuits in order to permit the legitimate occupant of a 
protected room to send to the alarm office an identification signal 
whereby his entrance to the premises could be made known. 

In the latter part of the summer of 1590 some of the trunk 
lines in use in Chicago were provided with disconnect signals 
using miniature incandescent lamps. At the receiving office the 
trunk lines terminated in the ordinary cords and plugs used upon 
a telephone switchboard, in front of each of which an incandescent 
lamp was located. So long as the line was in use a relay in con- 
junction therewith was excited by battery current flowing over 
the line, and its armature drawn up. Ав soon as conversation 
was completed the operator at the originating office withdrew the 
plug from the trunk line jack at that office. thus opening the 
battery circuit and causing the relay to be de-energized; the 
release of the relay armature completed a local battery circuit, 
illuminating the incandescent lamp. The operator at the receiv- 
ing office noticing the illumination of the lamp was thereby in- 
formed that conversation was completed and instructed to remove 
the trunk line plug. As the local lamp circuit was carried through 
the operator’s listening key, the placing of thie key in the testing 
position extinguis'ied the lamp. А very short experience served 
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to demonstrate the superiority of incandescent lamps over any 
other form of signal, for the illuminated lamp was at once so 
positive and distinct as to instantly attract the attention of the 
operator, thus markedly accelerating switchboard work. As a 
result of this experience, most of the trunk lines in the main 
office of the Chicago Telephone Company were rapidly supplied 
with lamp signals. 

In the spring of 1893 it was proposed to re-equip a large mul- 
tiple board in the Chicago exchange with self-restoring drops. but 
the expense and difficulty of this change caused the management 
to hesitate, and at this time the writer suggested the employment 
of incandescent lamps as subscribers’ line signals on the ground 
of greater economy in space, and in installation, as well as im- 
proved signal efficiency. More conservative telephonists doubted 
the wisdom of such a recommendation, fearing that the numerous 
relay contacts would be a perpetual source of trouble, and no 
further steps were taken with this project. In the winter of 1894 
a new type of switchboard known as tlie “express board” was 
introduced. As this board was designed to meet the wants of 
metallic circuit subscribers, particularly those whose telephonic 
business was large, it was decided to provide incandescent lamp 
line signals. The circuit of this board was so arranged that on 
the removal of the subscriber’s receiver from its suspending 
hook, the movement of the hook closed the circuit and allowed 
battery current to flow through the line. This current actuated 
a relay at the exchange, in the local of which the signal was 
placed, situated behind a ground glass shade upon which the 
number of the subscriber was painted. The illumination of this 
disk displayed a very distinct and conspicuous signal that imme- 
diately attracted the operator’s attention. Notwithstanding some 
apprehension as to the possibility of trouble with relay contacts 
the service given by the lamp signal was, on the whole, so satis- 
factory as immediately to concentrate telephonic attention upon 
the use of lamps, and within the four years that have since 
elapsed, the superiority of the incandescent lamp for this pur- 
pose has been so fully demonstrated that nearly all of the lirge 
switchboards which are at present being constructed are com- 
pletely supplied with signals of this description. 

As the service to which the incandescent lamp when used as 
a signal is subjected is peculiar, the employment of lamps upon 
telephone switchboards has afforded lamp manufacturers a new 
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problem. In the early experiments ordinary miniature lamps of 
low voltage were employed. As these lamps were bulky and 
consumed a large amount of current, the first attempts at im- 
provement were directed: to obtaining a smaller and more eco- 
nomical lamp. The various changes through which the lamp has 
passed are illustrated in Fig. 7, in which No. 1 is.the original 
type of lamp employed, Nos. 11 and 12 are those which expe- 
rience has now demonstrated to be the most successful. Lamp 
No. 1 had a bulb about one inch in diameter and was about two 
inches long. Electrically it was designed for a four-volt circuit 
requiring over one-half ampere, and giving about two c. P. Lamps 
Nos. 11 and 12 are 12 inches long with a bulb 1 inch in diameter. 
They are designed for a 24-volt circuit, consume about .1 ampere 
and yield over 1 c. r. The early lamps were designed entirely 
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to fit a socket supplied with a screw thread, as exemplified in 
Fig. 8. 

The socket consisted of a brass tube, in the bottom of which a 
screw base was placed matching the thread upon the lamp. A 
cap earrying a ground glass shade covered the front end of the 
tube, while from the rear two conductors extended, one fastened 
ta the thread of the socket, thus connecting with one of the lamp 
leading-in wires, while the other was arranged to make contact 
with the other Јеадіпо-іп wire in the center of the lamp base. 
This conductor was supplied with a spiral spring, the pressure of 
which it was expected would lock the lamp in its place and con- 
stantly maintain good electrical contact. This expectation was 
not fulfilled, for one of the greatest troubles encountered has 
been the loosening of the lamp in its socket, due to the almost 
inappreciable jarring to which all buildings are subjected. Lamps 
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in sockete of this description will gradually unscrew, opening the 
electrical circuit. They are then incapacitated as signals and con- 
siderable complaint will arise. Lamp sockets of this kind were 
designed for lamps Nos 4 to 7, inclusive (Fig. 7), and could be 
placed on wooden strips for mounting in the switchboard on one 
inch centers. The various changes in form through which the 
lamp bulb has passed are illustrated in Fig. 7, showing the grad- 
ual steps whereby the size of the bulb has been reduced until, as 
shown in Nos. 11 and 12, the present lainp occupies no greater 
volume than that required by a spring-jack and may be inserted 
into sockets composed of pairs of springs arranged on a rubber 
strip. Such sockets so closely resemble standard spring-jacks that 
they are called “lamp-jacks,” for they occupy the same space, 
and may be secured in the switchboard in the same manner. By 
placing alternate strips of lamp sockets and jacks, the subscriber's 
line signal and answering jack may be more closely associated 
than has previously been possible; space economized in the switch- 
board and service accelerated. 

At first it was considered desirable by lamp manufacturers to 
preserve a large volume in the bulb of the lamp in order to secure 
an adequate vacuum. To attain the desired compactness, the 
bulbs of the lamps were made smaller and longer, as is shown in 
Fig. 7, numbers 2 and 7 inclusive. Gradually, improvements in 
manufacture were sufficient to reduce the bulb of the lamp tu a 
smaller diameter than that of the screw base, and it at ‘once һе- 
came apparent that some other method of securing the lamp in 
its socket would still further contribute to compactness. The 
next step was the construction of an exceedingly small bulb lamp, 
shown in Fig. 7, No. 18, which was secured to a wooden base 
carrying two metal rings to which the leading-in wires of the 
lamp were soldered, the complete lamp being shown in Fi. 7 
No. 8. Whether the theory that the small sized bulb militates 
against a sufficient vacuum is correct, or not, it has been imps- 
sible to definitely ascertain, but experience has shown that Janips 
having bulbs as small as is indicated in No. 13 were not so suc- 
cessful as large ones. In order to retain the compactness thereby 
attained, a long and slim bulb was made, as shown in Nos. 9 and 
10. In this lamp an additional advantage was secured by placing 
the filament at the end of the glass opposite the seal. This end 
could be blown hemispherically and quite thin, thus allowing а: 
maximum of light to be transmitted. Lamps of this description 
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were chiefly made for four-volt circuits, the filament consisting of 
a very thin thread of carbon stretched between two platinum 
wires. These leading-in wires were fused through the sides of 
the bulb and soldered to two bits of thin copper forming the con- 
tact strips that were cemented to the glass tube. Some difficulty 
was experienced in the peeling off of these pieces, and, in addi- 
tion, the amount of platinum in the leading-in wires was so great 
as to considerably increase the cost of such lamps. So, from mo- 
tives of economy, a partial reversion toward earlier forms has 
taken place in the present standard lamp, as shown in Fig. 7, 
numbers 11 апа 12. The bulb is a glass tube about 4” in diameter 
and 1j" long. For four-volt lamps a straight filament is used, 
but for all others a horse-shoe shape. Only sufficient platinuin is 
employed in the leading-in wire to pass through the glass, and in 
other respects the general details of manufacture correspond 
closely to the best practice in standard lamp construction. The 
hase of the lamp is a bit of boxwood, го shaped as to readily enter 
the springs forming the socket, and arranged to prevent the lamp 
from turning as it is pushed into place. 

The earliest lamps were all designed for low voltage circuits, 
rarely more than four volts. Presently it became apparent that 
lamps of longer life, together with an economy in conducting 
circuits could easily be attained by the use of higher voltages, 
and the uext advance was secured by making lamps for 10 and 20 
volts, while at present 12 and 24 volt lamps are standard. 

When first used as signals, the lamps were placed in the local 
of a relay actuated by current passing over the line to which 
the signal was attached. In the early attempts the ordinary tele- 
graph relay was employed, armed with extra heavy platinum 
contacts to prevent burning. It seemed possible to obviate the 
expense of installing and maintaining this relay by an appro- 
priate lamp directly in series with the subscriber’s line, so placed 
that the removal of the telephone from its hook should close the 
circuit and light the lamp. This experiment was first tried in 
the Chicago express office and, on the whole, worked passably 
well, there being a comparatively small mortality of lamps due 
to short-circuite and other accidents. A continuation of this 
experiment was attempted in another office but resulted disas- 
trously as the lamps were burned out so rapidly as to cause an 
excessive maintenance expense. The occasion of this failure is 
to be ascribed to a preponderance of srial lines in the last case. 
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A wind-cross occurring near the office on a long line would sub- 
ject the lamp to an abnormal voltage and either injure or imme- 
diately destroy it. In an express office where the lines were 
chiefly underground, little or no trouble was experienced from 
this cause, and in an office in St. Louis, similarly equipped 
with lamp line signals placed directly on the subscriber’s line, 
the use of a very heavy filament lamp obviated the difticulty 
experienced with injury to lamps. But while economy in in- 
stallation due to the omission of the relay is eminently desir- 
able, present experience decidedly indieates that the relay ia 
essential to the successful lamp signal. 
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For this purpose rather an interesting type has been 
evolved in an attempt to consolidate the relay, lamp and socket 
into a single piece of apparatus and at once obtain a device which 
should be absolutely dust proof and free from trunnion trouble. 
A general view of this relay which was developed largely with 
the assistance of Mr. M. A. Edson of the Chicago Telephone 
Company, is shown in Fig. 9 and a section in Fig. 10. 

From the latter illustration it will be seen that the front end 
of the “lamp relay,” as it is termed, consisted of a brass tube A, 
forming the lamp socket, carrying the screw at the bottom, sup- 
plied with round glass cap, carrying the subscriber’s number. 
From the rear of the socket extends а core B, of soft iron sur- 
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sounded by an iron tube c, between which the winding space was 
obtained. А hemisperical brass сар р covered the end of the 
iron tube, retained in its place by an appropriate set.screw. The 
inside of this cap was hollowed out, containing a piece of soft 
iron E, in the form of a frustrum of a cone, that constituted the 
armature. Ав this piece of apparatus was set horizontally the 
armature rested upon its edge in an unstable position, tending to 
settle backwards and rest against the back of the cap. The ex- 
citation of the windings magnetizes the core and attracting the 
armature, draws it up sharply. A thin platinum spring placed 
on the front face of the armature serves to make contact with a 
corresponding platinum point set in the center of the core. As 
the core is insulated from everything but one lamp wire, while 
the other is connected to the cap, the excitation of the relay 
lights the lamp. Ву this device a relay was obtained, the mov- 
ing parts of which were completely dust-proof. All trunnions 
or hinges were obviated and the armature merely resting upon a 
sharp edge secures a minimum amount of friction. Notwith- 
standing the compactness and completeness of this piece of ap- 
paratus, it has been found desirable to disassociate the relays and 
lamps, placing the relays in a case by themselves, away from the 
switchboard. 

Probably the most gratifying feature in the evolution of the 
line signal has been the improvement in the life of miniature 
lamps. When the luminous signal was first proposed the ques- 
tion of cost of lamp renewals was at once raised. As each lamp 
was only illuminated for a few seconds at a time the service 
seemed equivalent to constant flashing, and ominous prophecies 
were plenty as to the short life to be expected. It was contident- 
ly asserted that such small lamps would either immediately burn 
out, or else so rapidly become dim as to be valueless as signals. 
Some tests were immediately instituted in the hope of eliciting 
information on these points. There was no question but that the 
candle power of the lamps gradually dec'ined, and photometric 
measurements showed that when a lamp failed to emit at least .05 
candle power, it became of no value as a signal. 

To determine the resistance to flashing, a number of lamps 
were connected in circuit with a clock pendulum and flashed at 
intervals one second for nearly a month, with no signs of serious 
iujury. During this test the lamps were illuminated more than 
a million times, so it seemed certain that a reasonably long life 
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could be expected. Experience has since shown this conclusion to 
be justified, for in the main office switchboard in Chicago, there 
are now lamps at work that have been in service for upwards of 
three years and seem still to be in fairly good condition. Obser- 
vation has further shown that accidental injuries rather than old 
age, is the cause of most lamp failures. 

Much delay was experienced in obtaining the first lot of switch- 
board lamps, so on reception they were immediately placed in 
service without inspection. The rapid failure of a large number 
of these caused no small degree of consternation and it was de- 
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termined to initiate a systematic inspection. Ás a result, all lamps 
are now examined: 1.— Mechanically, to see if they will fit the 
sockets. 2.—Electrieally, to determine if they have the proper 
voltage and consume current within the specified limits. 3.— 
Optieally, to ascertain if they emit the required candle power, and 
absorb the proper watts per candle. Also а certain number of 
lamps from each lot are placed on life test and burned to de- 
struction. 

In Fig. 11 four curves are given that ies at a glance the im- 
provement that has taken place in lamp life. ‘The dotted lines 
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are curves of life and candle power of ten samples, each of 10 
and 2U-volt lamps tested in 1895, while the full lines are the 
results from twenty samples of 10 and 20-volt lamps of the 
present date. In 1895, only 200 hours’ life could be expected, 
while from the latest tests the 20-volt lamps show 2400 hours’ life 
before failure, and the 10-volt lamps show 2500 hours, and are 
still burning with indications of considerable additional life. 

In Fig. 12 is an interesting comparison of the rate of failure of 
sample lamps tested in 1897, and at the present time. Curves 1, 
2,3 and 5 are for 20-volt lamps of different makers, while curve 
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4 is for four-volt lamps. The ordinates are the number of lamps 
on test at the various times represented by the abscissee in hours, 
so that the life of each lamp is plainly shown. The four-volt 
lamps failed almost immediately, only yielding upwards of 50 
hours. The 20-volt lamps, curves 1, 2 and 3, tested in 1897, gave 
upwards of 600 hours life as an average, those indicated by curve 
1 showing the greatest uniformity. In curve 5, the results of 
ten 20-volt lamps tested this spring are plotted ; one lamp failed 
after 40 hours, but the filament was manifestly defective at the 
start. Nineteen lamps lasted over 1900 hours and one lamp over 
2500 hours. 

In Fig. 13 the curves of 10-volt lamps tested in,a)similar man- 
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ner are shown. These results indicate à much greater irregularity 
for the 10-volt laanps. The lamps of curve 3 make a bad show- 
ing, only one lamp lasting over 40 hours; those of curves 1 and 
2 are much better, indicating a life of 400 hours, but still are 
much below the life shown by the 20-volt lamps. Curve 4 repre- 
sents the results of tests upon twenty 10-volt lamps recently 
manufactured. This curve isa straight line for 2500 hours, show- 
ing that so far no failures have occurred, and from the ap- 
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pearance of the filament, it is reasonable to СЕ several hun- 
dred hours more life. 

In Fig. 14 some information is plotted relative to Ее 
life and voltage of 20-volt lamps. Curves 1, 2 and 3 show the 
relation between the life and eandle-power of 20-volt lamps 
when placed upon circuits of respectively 21, 20 and 184 volts. 
The left-hand scale in candle-power applies to these lines. Curve 
No. 4 is a life-voltage curve, for which the scale of volts on the 
right-hand should be used. For all these curves the abscissz are 
in hours. These lines strikingly illustrate the relation between 
life and candle power. As switchboard. lamps arecusually sup- 
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plied by 10 cells of storage battery, it is impracticable to always 
maintain them at precisely a constant potential, for the pressure 
is likely to vary one or two volts from that of full charge to that 
of discharge and regulating resistances are more expeneive than 
decreased lamp life. Even at the highest pressure, it is interest- 
ing to note that the lamps at present show a life of over 1400 hours. 

Lamp experts will at once infer that improved life is obtained 
by a lamp of low efficiency and will urge the cost of the current 
as an insuperable objection. The total cost of a luminous signal 
is evidently the cost of the lamp, plus the cost of current con- 
sumed during its life, and it is easy to show that this is a mini- 
mum when the cost of the energy consumed is equal to the cost 
of the lamp.’ Switchboard lamps now cost in the neighborhood 
of 45 cents each. With a life of say 2,000 hours, the cost of 
energy is about 60 cents, but it has been shown that accidental 
causes tend to reduce the actual life in the switchboard far 
below that shown by laboratory tests and it is doubtful if the 
average lamp lives for 1,200 hours. Unless accidental destruc- 
tion can be greatly reduced below the present amount, the cost 
of the lamp is now considerably above the cost of energy dur- 
ing its life and a still lower ећсіепсу could profitably be em- 
ployed, for it must be remembered that the thick heavy filament 
in the low efficiency lamps is the best insurance against accidental 
injury. Theoretically, subscribers’ line lamps should last 25 
years; cord supervisory lamps from one to two years; trunk 
line lamps the same length of time, and pilot lamps from three 
to six months. Such a life as this has been obtained in the cord 
and pilot lamps, but it is doubtful if the theoretical limit for the 
line lamps will ever be closely approximated. 

Even in the present probably only partially developed state 
of the luminous signal, some 20,000 subscribers are now served 
upon boards thus equipped, and switchboards for as many more are 
in process of construction. Already the adoption of this form of 
signal has materially modified the arrangement and design of 
switchboard apparatus, and has been so efficient a factor in the 
improvement of telephonic service that it is а Пец to prophesy 
the end of its effect. 

In conclusion, the writer is only too glad of an occasion to ex- 
press his appreciation of the promptness with which the various 
lamp manufacturers have taken up the problem of the line lamp 
signal, in the solution of which they have spared neither pains 
nor expense. 


A Paper fresrnted at the 15th General Meeting 
of the American Institute of Elictrical 
Engineers, Omaha, June 29, 1505, President 
Kennelly in the Chair. 


SOME TELEPHONE DISTURBANCES FROM 
ELECTRICAL GENERATORS. 


BY GEORGE D. SHEPARDSON. 


——À 


The modern tendeney toward concentration of power plants 
and the use of larger units has caused some unexpected secondary 
results. In one of our western cities the street railway com- 
pany recently built a modern power-house with seven directly 
connected generators, two direct current generators of 700 k. w. 
capacity which feed directly into the trolley lines, and five three- - 
phase 700 к. м. alternators which drive five rotaries located at 
three sub-stations. The rotaries displace three steam equipments 
with a number of 175 к. w. generators. At about tlie same time 
in the eame city the principal lighting company displaced the 
steam equipment iu one of its direct current constant potential 
stations by rotaries driven by three-phase currents from its main 
station. When the rotaries were put into service, the telephones 
of the city were at once greatly disturbed by a loud roaring 
noise which seriously interfered with their satisfactory operation 
and which even made many telephones useless. While the tele- 
phone company was attempting to locate the cause and find a 
remedy for the troubles, the lighting company found that it also 
had troubles of its own, as the constant potential are lamps which 
had been burning quietly, now began to hum and roar as if 
operated by alternating currents. 

The subject promised to be of much interest, and was studied 
from an independent standpoint at the University of Minnesota 
by Instructor F. W. Springer and the writer. While the ground 
has not yet been entirely covered, enough of interest has de- 
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veloped to warrant a preliminary report with the hope that 
others may find opportunity and interest to carry on further 
studies along the lines suggested. 

No doubt much of the work here reported has been done 
before in the company laboratories, but such work seems not 
to have been published. 

In order to work more intelligently, a preliminary search was 
made to discover the disturbances that had been met by tele- 
phones before, and their names were found to be legion. 

The marvelous sensitiveness of the telephone, exceeded only 
by that of the galvanometer, has made it unusually subject to 
disturbing influences. Coming into public use at about the same 
time as the electric light, its lines were extended more rapidly at - 
first and many towns boasted of telephone exchanges long before 
the advent of electric lighting plants. When the lightiug plants 
were put into operation later, the telephone lines theretofore 
operating in blissful peace and quiet, were now seriously menaced 
as one of their engineers aptly quoted! by a “ pestilence that 
walketh in darkness” and by * destruction that wasteth at noon- 
day."  Hardly had the lines been freed from the disturbing 
influence of the direct current incandescent and the more trou- 
blesome arc circuits, when the alternating current system took 
the field with its widely scattered lines and its wider range of 
induction and the way of the telephone manager was thereafter 
indeed as hard as that of the transgressor should be. Hardly 
had the telephone adjusted itself to the new source of disturb- 
ance when still another enemy arose in the shape of the electric 
railway, which, metaphorically speaking, demanded that the tele- 
phone, like the Chinaman, should “ get off the earth." Many 
legal battles have been fought with varyiug success, but the 
general conclusion seems to be that no one interest owns the 
whole earth, and that in ease of interference the weaker must 
look out for its own protection. The remedies that have been 
proposed, for obviating or neutralizing telephonic disturbances 
are too many even to catalogue in a paper treating principally 
with causes. As early as 1883, there were 200 or more patents 
for preventing induction, and the later years doubtless have been 
even more prolific. 

1. Lockwood, National Telephone E Exchange е Association, n, Sept., 1 1883. El. 
World, 12: 142. Lon. El. Hev., 23: 441. est. Electrician, 8: 149. N. Y. 


El. Engineer, 1: 485. Walker, Lon. El. Rev. 12: 278. El. World, 1:844. 
See also Lon. £l. Rev., 34: 345. 32: 092. N. Y. El. Engineer, 15: 474. 
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Telephone engineers have devoted much time and attention 
to the various causes for the noises that disturb the telephone 
and have specified them somewhat as follows: Long telephone 
lines are subject to the same disturbances’ that affect 
the less sensitive telegraph. Some of these are of more 
or less constant strength and do not make a noise in the 
telephone, but only alter its sensitiveness by strengthening or 
weakening the permanent magnet. Such are the regular earth 
currents caused by the rotation of the earth, or those caused by 
electro-chemical action due to the differences in the soil at the 
ends of the line, or to differences in the composition or clean- 
ness of the earth-plates, or thernio-electric currents due to 
differences of temperature at different parts of the line. The 
irregular eurrents that sometimes affect telephones may be 
caused by induction from the earth's magnetism as the wires 
swing back and forth in the wind, from induction as wires of 
different circuits approach and recede while swinging in the 
wind, by differences in the height above the earth in different 
parts of the line, by statie charges from passing clouds or rising 
vapors, by changes in the electric state of the atmosphere, pos- 
sibly by electromotive forces due to earth tremors, by mechanical 
vibrations of the wires, by a sort of microphonic action at loose 
joints, by changes of resistance of line due to temperature. 
Such disturbances seem to become Jess when the insulation of 
the line is low. 

Disturbing currents from other wires are found to come by 
leakage and by induction, both electro-static and electro-dynamie, 
those being overcome by careful insulation and transposition of 
circuits. The disturbing currents are found to be greater from 
alternating or arc light circuits than from constant potential direct 
current circuits; open circuit are machines are worse than closed 
coil machines, the noise becoming less as the number of bars in 
the commutators increases, and becoming greater? as the voltage 
increases. | 

That much of the trouble from other circuits comes by electro- 
static induction was proved by Mr. J. J. Carty in his papers 
before the New York Electric Club‘ and before #18 body. His 


E Lcekwood, National Conference of Electricians, Sept. 12, 1884. Pro- 
ceedings, p. 226. Hl. World, 4: 169. 


8. Hl. World, 19: 274, 
4. Carty, New York Electric Club, Nov. 21, 1889. Hl. World, 14: 361. 


Lon. Hl. Rev., 25: 651. Lon. Electrician, 24: 122. N. Y. El Engineer, 9: 12. 
West. Electrician, 5: 282. Elek. Zeit , 11: 144. 
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conclusions have been substantiated by other experimenters, 
such as *Pierard, ‘Kennelly, *Bennett, *Dresing and Gulstad 
"Dunbar, and others. That much of it comes by leakage is a 
matter of daily observation. 

The trouble from electric railway lines is generally considered 
88 coming primarily and principally from the use of the ground 
return. If the railway currents were perfectly &nooth and of 
uniform strength, it is generally agreed that they would not 
cause noises in the telephone, but would make them less sensitive. 
The irregularities and fluctuations in the railway current have 
been attributed to various causes, such as imperfect commuta- 
tion" at the dynamos, imperfect connection between the trolley 
wire and supports, variable contact between the trolley and wire or 
between” the wheels and rails, lubrication" of the trolley, spark- 
ing at the motor? brushes or trolley or rails, variable speed of 
cara, motion of track" due to passage of car, to the motion” of 
the car, to noisy gearing”, to vibration? of the motor. Strecker’® 
says the noise varies with the voltage. Cardew” says it varies 
with the winding of the armature. There is probably more or 
less of disturbing influence from each of these alleged sources. 

At first thought, the ordinary trolley of the American pattern 
would seem to give as certain contact as the shoe or harp used 


Carty, Transactions, March 17, 1891. E. World, 17: 241, 276. Lon. 
тта, 26 : 685, 705. Lon. Æl. Renew, 98: 462. N. Y. El Engineer, 11: 
366, 451. West. E leetrician, 8: 181, 210. N. Y. El. Rev., 18: 82. 


6. Pierard, L’ Eclairage Electrique, 29: 121, Jan. 19, 1895, 10: 855. Feb. 20, 
1897. Hl. World, 25 : 181; 29: 362. 
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Rev, 28: 747. N.Y. КІ. Engineer, 11: 450, 511, 547. 


8. Bennett. Lon. Zlectrician, 26: 768. 
9. Dresing and Gulstad, Lon. Æl. Rev., 28: 589, 643, May, 1891. 
10. Dunbar, EZ. World, 23: 88, 115. 
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on certain roads, yet eminent engineers, such as Wietlisbach", 
claim superiority for the sliding harp or bar, and appeal to 
experience. Lord Kelvin" states as his opinion that two or three 
wheels or a brush would obviate much of the difficulty. The 
most plausible explanation for the observed fact that roads using 
harp or bars disturb telephones less than those using wheels for 
contact with the trolley wire, seems to be. that with the harps or 
bar trolleys the trolley wire need not be so accurately centered 
above the track as when a trolley wheel is used, therefore the line 
need not be supported at so frequent intervals and need not be 
drawn up so tightiy. The tighter wire more easily gets thrown 
into rapid vibration, which in turn causes a considerable varia- 
tion in the pressure between the trolley and the wire, hence 
setting up a microphonic action that affects the telephones. The 
lubricant on the trolley probably acts in a similar way. Ехрегі- 
ments by West show that there is quite a considerable variation 
in the resistance between the car wheels and the track, even with 
a comparatively clean rail; and he infers from this that some of 
the telephonic disturbance is due to microphonic action at the 
wheel as well as at the trolley. The noise also depends upon 
the nature of the track, being greater on a hard roadbed than 
on one cushioned. This is thought to be due to variations in 
the surface resistance between the rails and the surrounding 
earth as the car passes. Experiments by Behn-Eschenburg® 
seem to show that the noise is not due to such action at the rail, 
wheel or trolley, for by cutting out the motors and sending 
current from the trolley through a rheostat he found an entire 
absence of noise; this simply proves, however, that such source 
of noise is very small as compared with that from the motors. 
Another source of microphonic action that seems at least as 
important as the two preceding is that due to the vibration of 
the brushes of the motors on account of the commutator not 
being truly cylindrical, or on account of the brushes being set 
too nearly radial with insufficient pressure so that they chatter. 
The great telephonic disturbances noted when the brushes of 
generator or motor are sparking, may be microphonic or may be 
due to another cause to be noted later. That the noise varies 
with the speed of the motor is evident to all who have had ocea- 


17. Kelvin, Lon. #/. Rev., 33: 742. Lon. Electrician, 33: 236. 
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sion to use telephones with earth or common return in cities 
with electric cars. Following out this lead it seems reasonable 
that noisy gears disturb telephones more than quite ones, because 
quiet gears allow a more uniform motion of the motors, while 
noisy gears involve an uneven rate of transmission and hence an 
uneven speed of armature. <A similar reason may account for 
the claim" that motors with chain connection create less disturb- 
ance to telephones than those having gears for transmission. 

That a large share of the disturbance is caused by the motors 
themselves, is seen from the well-known fact that the etarting of 
a car is accompanied by a distinct rumble that increases in pitch 
as the car comes up to speed until the noise becomes blended in 
the general confusion at the higher pitch. The noise is directly 
connected with the brushes and commutator, as is evidenced by 
the uniform pitch of the sound in the telephone and that heard 
directly from the singing of the brushes. That it is affected also 
by the design of the motor is shown by the well remembered 
action of the early railways; when the early Sprague railway 
motors were changed from 56 to 72 armature coils, the noises 
in the telephone were greatly reduced and one could easily tell 
what kind of motor was on an approaching car. Various reasons 
have been assigned for the cause of the noise from the brushes. 
The most common one is that the resistance of the motor 
changes as commutator bars come under the brushes, so that one 
or more coils are short-circuited and eut out of the circuit. 
Others think it may be due to “ feathering ” of the brushes”, which 
allows a continual and uncertain change in the number of 
armature coils actually in the circuit. 

When the street railway company referred to at the beginning 
of this paper changed over to the new arrangements for power, 
the great inerease in the noises in the telephones was attributed 
tothe faet that the new generators and rotaries had toothed 
armatures, whereas the old armatures had smooth cores and were 
surface wound. The greater self-induction in the toothed machines 
Was supposed to cause irregularities or “ wiggles” in the current. 
Some thought that the speed varied slightly in different parts of 
each revolution, while others thought that in some way part of 
the alternating current managed to get over into the direct cur- 
rent circuits without being transformed. 


19. Wietlisbaeh, Lon. Engineering, Aug. 14, 1890. Elek. Zeit., 17: 539. 
Еі. World, 28 : 283, 3.8. 
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In order to learn the truth of the matter, a number of experi- 
ments were tried. That no considerable part of the noise came 
from any lack of uniformity in the speed of the rotaries was 
proved by the absence in’ the telephone of any tone of a pitch 
equal to the product of revolutions by poles of the rotaries. А 
variation of speed with load was noticeable when each alternator 
was driving its own rotary, but this was largely obviated when 
the alternators were operated in parallel. In order to discover 
whether by any means part of the alternating current could or 
did get over to the direet current lines, observations were made 
upon the constant potential arc lamps operated by the rotaries of 
the lighting company. It was found that the hum of the are 
lamps did not at all correspond with the frequency of the cur- 
rent, but that it did correspond exactly with the hum of the 
brushes, the pitch of which was equal to the product of revolu- 
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tions by commutator bars. The cause of the noise in the tele- 
phones and are lamps seemed therefore to be connected in some 
way with the commutation of the current at the direct current 
brushes. 

In order to work with greater facility and without incurring 
liability of interfering with the regular working of the com. 
mercial plants of the railway, lighting or telephone companies, 
further experiments were carried on in the electrical engineering 
laboratories of the University of Minnesota, where most of the 
conditions could be accurately reproduced and modified one at a 
time. | 

Preliminary experiments were first tried with a telephone 
receiver connected to an exploring coil of 150 turns, wound on a 
rectangular frame approximately 8” long and т" wide, with a 
groove 1” wide. This exploring coil was hung between the two 
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main service wires leading to a 500-volt 40 н.р. motor connected 
with the power station. When a current of seven amperes from 
the power circuit was sent through a water rheostat, Fig. 1, а clear 
singing noise was noted iu the telephone, which noise was 
attributed to the generators at the power-house. To make sure 
that the noise was not due to the water rheostat, a second test 
was made by shunting the receiver around a small resistance in 
series with a high-resistance voltmeter. Tle same noise was 
heard, and in addition definite beats could be distinguished at 
the rate of about two per second. These were thought to be 
due to interference between the generators at the power-house, 
where there were four power machines, one of which was of 
different make from the others. 

The receiver was then’ connected with the exploring coil 
between the service wires, and the motor started. The original 
sound from the generators was now entirely obscured by a loud 
noise which was in unison with the singing of the motor brushes 
and which rose in pitch as the motor came up to speed. The 
brushes were now shifted to various positions, and the noise from 
the motor was found to be least for the position of least spark- 
ing, suggesting a means for finding such best position. The 
coarse coil of a 30-light transformer Fig. 2. was then inserted in the 
armature circuit, when the noise in the receiver attached to the 
exploring coil was greatly reduced, suggesting a possible means 
for reducing the fluctuations or “ironing out the wrinkles" in 
‘the current from the generators. In fact the lighting company 
found that the humining of its constant potential are lamps was 
greatly reduced by the insertion of a choke coil in series. (The 
noise was also reduced by tightening all loose parts of the lamp 
in order to reduce mechanical vibration.) This suggests that the 
choke coils wound on heavy iron cores formerly used in Sprague 
railway power-houses between the lightning arresters and the’ bus 
bars were more useful in reducing the pulsations of the current 
than they were for choking back the lighting. 

A Weston a. c. voltmeter was then connected to the tine wire 
coil of the transformer, and it was found to read seven volts when 
the armature eurrent was 18 amperes. In order to make sure 
that there was no mistake, two sets of readings were taken while 
the brushes were shifted to various positions, one set with the 
motor armature taking about six amperes and the other with 
about 18 amperes, it being difficult to keep the current and speed 
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exactly constant while shifting the brushes. А scale was 
attached to the brush-yoke and divided so that one division 
represented a shifting of the brushes equal to the width of one 
commutator bar. A number of readings were then taken, the 
means of which are given in Table I. The voltmeter readings 
are not very accurate, since they all come on the lowest part of 
the scale where it is not closely divided. 


TABLE I. 
Effect of Current Strength upon Fluctuations Through Transformer With 
Iron Core. 500 Volt-Motor. 


Volts on Secondary. 


Position of Brushes. 


3 Amperes. 6 Amperes. 18 Amperes. 
3 = = 12.5 
3% = 15 8.5 
4 = 6 E 
4% E 7 3 
| 5 9 6 2.5 
| 6 8 6 45 
| 7 8 7 5 
| 8 8.5 8 7-5 
| 8% — 11 9 
| 9 11 — — 


In Table I. the brushes have forward lead in position 3, and 
backward lead in position 8. It is seen that for every posi- 
tion of the brushes the voltage on the secondary is higher with 
the smaller current than with the larger. This did not seem 
right, and another test was made with the telephone and explor- 
ing coil. In this case the noise in the telephone was directly 
proportional to the current in the armature, as would have been 
expected. The contrary results with the transformer were then 
attributed to the fact that the iron core of the transformer was 
so highly saturated by thecurrent of 18 amperes that the pulsations 
had less effect than those of the six-ampere current and still less 
than those with the three-ampere current, although the former 
were actually much greater. Similar results were obtained with 
other transformers and it was found misleading to have any iron 
in the transformer. Two coils were then wound on a cylindrical 
wooden core 14" in diameter, one coil of 28 turns of No. lO B « 
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s с and one of 342 turns of No. 20 nasa. ‘These were arranged 
so that the coarse coil in series with the armature remained 
stationary, while the other was movable along a pine stick parallel 
to their common axis. The telephone receiver was then con- 
nected to the fine wire coil, and the armature current was sent 
through the coarse wire coil. By moving the fine wire coil along 
the stick it was intended to find the position where the sound in 
the telephone would disappear. But the arrangement proved to 
be too sensitive even when only one turn of the coarse wire was 
left in circuit and the fine wire coil was moved 100" away, the 
sound from the motor still being quite distinguishable. Ав at 
that time the writer did not recall the differential method of 
opposing the action of the first coil by that of a third, in which a 
uniform alternating eurrent might be sent from an independent 
source, and as later it was questioned whether the balance would 
be reliable because the pulsations at the armature were not sine 
functions, it was decided to make use of a sensitive electro-dyna- 
mometer for measuring the currents induced in the secondary 
of the air-core transformer. After sone preliminary work the two 
coils were arranged on а common axis, being separated by the 
distance of one inch. The fine wire coil was connected to an 
electro-dynamometer having a resistance of 100 ohms and being 
free from metallic masses near the coils. 

The 500-volt machine was then operated as a motor, and two 
sets of readings were taken with the air-core transformer and 
electro-dynamometer to compare with those taken with the iron- 
core transformer and the Weston voltmeter. The averages of 
ten readings taken at each position of the brushes are given in 
Table IL, from which it is seen that except for the extreme 
forward position of the brushes, the pulsations in the current are 
greater with 13.3 amperes than with 6.3 amperes, as might 
naturally be expected. From later experience it is believed that 
inaccuracy in setting the brushes or a possible slight displace- 
ment of the index would account for the apparently greater 
deflections by the smaller current at positions of forward lead. 

While the iron-core transformer was in series with the arma- 
ture, another experiment was tried to discover the effect of 
staggering the brushes. The load on motor was kept constant 
, and two runs were made, one with the brushes set normally, all 
leaving commutator bars simultaneously; while in the second 
run, the positive brushes were left in their usual position while 
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the negative brushes were blocked out so that their toes were at 
the middle of a bar when the toes of the positive brushes were 
TABLE II. 


Effect of Brush Position unon Fluctuations Through Trans- 
former With Air Core. 500-Volt Motor. 


к. M. Р. on Secondary. 


Position of Brushes. 


6.3 Amperes. 13.3 Amperes. 

4 = 30.3 
4% 26 6 (22) 
4% (22) 20 
4*8 19.1 (17.5) 
5 34.1 12.5 
5M 12.4 14.1 
6 11.3 14.2 
614 9.2 12.9 
7 12.8 13 4 
74 12.8 15.2 
R 13.4 18.7 
814 15.4 20.7 
9 22 26.1 
928 37.3 ps 


just leaving a bar. The brush-yoke was then moved to different 
positions and corresponding readings were taken on the volt. 
meter in the secondary circuit. The readings given in Table III. 
show that staggering the brushes effects a considerable reduction 
in the irregularities of the current. In the machine under 
experiment the carbon brushes spanned two whole bars of the 
commutator, so that displacing one set only a half bar had less 
effect than would be expected if the brushes covered only the 
width of one bar. That the pressure upon the carbon brushes 
has & considerable effect upon the smoothness of the current 
from the generator is shown by an experiment in which the 
electro-dynamometer gave a deflection of 53.5 millimeters when 
the pressure against the carbon brushes was only moderate, 
while it was reduced to 7.4 by tightening the springs, the cur- 
rent remaining 6.6 amperes in both cases. The time at опг. 
disposal did not allow further tests along this line, but it sug- 
gests an interesting field for studying how the smoothness of the 
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current is affected by width of brushes, by various kinds of 
brush such as carbon, copper, leaf, gauze, and the various anti- 
sparking high resistance materials on the market. It seems 
probable also that the best pressure and best angle for the carbon 
brushes might be studied to advantage by the telephone or 
electro-dynamometer method. 


TABLE IIL. 


. Effect of Staggered Brushes upon Fluctuations Through Trans- 
former With Iron Core. 500-Volt Motor. Taking 5 Amperes. 


Volts on Secondary. 


Position of Brush-Yoke 


i" Brushes Opposite. Brushes Staggered. — 
Ботбай 
214 — 20 
3 | 20 8 
^" is 2 |] 
4 8 6.5 
5 | 7 | 6.5 | 
6 7 6 | 
7 | 7 7 
8 | = 7 
| 875 | 9 8 


In the experiments with the 500-volt motor it was thought 
that perhaps the fluctuations of the generators were affecting 
the results, so that it was decided to examine a generator 
working on loads of various kinds and amounts. As at that 
time the University lighting plant had shut down for the sum- 
mer, it was impracticable to drive the 500-volt machine as a 
generator by one of the other machines, and it was therefore 
used as a niotor to drive an Edison generator upon which further 
experiments were made. — This machine has a smooth armature 
core and so is not strictly comparable with the toothed machines 
whose pulsations disturbed the telephones referred to at the out- 
set, but it was believed that from its study, results could be 
obtained that would throw some light upon the general subject 
of the disturbances. 

The Edison dynamo was run at a speed of 1265 revolutions per 
minute, so that the product of revolutions by commutator bars, 
1265 x 50, would equal a similar product for the 500-volt motor 
which had 96 bars and ran at 660 revolutions per minute. The 
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results with the two machines are not strictly comparable, because 
one was operated as a motor and the other as a dynamo, the 
motor operating at 500 volts and the dynamo at 93 volts with 
one current, andat 67 volts with a larger current. The normal 
voltage of 110 could not be maintained on account of the low 
speed adopted in order to keep the frequency the same. Sets of 
readings were then taken with the Edison dynamo delivering 6.3 
and 12.6 amperes through a non-inductive resistance, while 
operating with the fields excited first hy a storage battery, then 
ав а shunt machine, then as a highly over-compounded machine. 


TABLE IV. 


Effects of Field Excitation and Armature Current upon Fluctuations 
Through Air Core Transformer. Edison Dynamo. On Non-inductive Load. 


Field Excited by Battery, Self-Excited, Shunt. Self-Excited, 
Position of _ Compound. 
Brushes. | = eo 7 
6.3 Amperes. | 12.6 Amperes. | 6.3 Amperes. a Amperes, | 1a 6 Amps 12 6 Amperes. | 12.6 Amperes. тсс 
mE d | 
3 | 157.6 319 = 214.5 
3% — a 118.7 310 — 228.5 
4 47.1 65.7 170.4 357 131.3 
415 29.2 | 36.1 114.2 130 55.2 
S 7.5 15 3 37.9 62.8 20 
s 1.8 7.6 6 20.6 | 55 
6 1.5 5.1 о 39 2 
614 1.4 | 2.0 o 2.1 1.5 
7 3-5 | 2.8 1.4 | 17 4 
714 9.4 11.9 13.6 34 12.4 
8 26 9 13 41.3 s 74.3 27 
8% 30.6 31 208 34.1 
"IO oe n à 
9 437 | 91.3 ? 54.3 NEN 


The electro-dynamometer readings given in Tab given in Table IV. are the 
means of from 4 to 14 readings taken at the various positions. 
Examination of the figures shows that for the same current, the 
pulsations with the low-voltage Edison sinvoth core dynamo are 
always less than those with the 500-volt with toothed armature. 
It is a source of regret that no machines were readily available 
having similar voltage and capacity and differing only in the 
armature core. It is hoped to obtain access to such similar ma- 
chines for further study. It will be noted further that with a 
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given excitation of field, the fluctuations of current are always 
greater with the larger current. Generally speaking, the fluc- 
tuations are less with the tields excited by current from the 
storage battery than when self-excited, also the fluctuations 
are much more with the shunt machine than with the compound. 
During the experiments, а periodic wavy sound was noted in the 
telephone. ‘This was traced to the slight end motion of the 
armature and was stopped by adjusting the thrust bearing. 

A preliminary experiment with the fields separately excited 
showed that an inductive load had the effect of smoothing out 
the fluctuations so that they became insensible. When the cur- 
rent was sent into the fields of an alternator (whose armature 
was at rest), the electro-dynamometer gave no deflection what- 
ever for any safe position of the brushes. The telephone receiver 
was then substituted for the electro-dynamometer in the second- 
ary circuit of the air-core transformer whose primary was in 
the main circuit, and no sound was perceptible until the brushes 
were moved to the extreme forward “position 2," where the 
sparking was vicious. 

The smallness of the pulsations when the dynamo was excited 
by the battery current, suggested that the fluctuations affected 
the field current. A telephone receiver without any connections 
was placed near the pole-pieces of the dynamo, and immediately 
а roaring noise was heard which wasin exact unison with that of 
the brushes. This noise in the receiver seemed to be of the same 
intensity whether the machine was delivering 12 or 6 amperes 
or whether the external circuit was entirely open. The only 
difference one could detect in the telephone was a slight lower- 
ing of pitch corresponding with the lowering of the speed of 
the dynamo when the load was thrown on. The brushes were 
then raised and the fields excited by the battery; no noise was 
heard. But as soon as one brush was lowered upon the commu- 
tator, the familiar roaring was heard. This noise was greater 
wlieu the one brush was moved toward the sparking position. 
The noise was also increased when a second brush was lowered 
upon the opposite side of the commutator. For any given posi- 
tion of the brushes, the volume of the noise was entirely 
unaffected by the conditions of the outside circuit. In order to 
learn whether this disturbance by the current in the coils short- 
circuited by the brushes was simply electro-dynamic or whether 
it was electro-magnetie, the telephone was moved to various 
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positions. In each case the noise was greater in positions where 
the ordinary magnetic leakage from the pole-pieces was known 
to be greatest. The sound from the short-cireuited armature 
coil alone could not be distinguished near the head of the arma- 
ture. A high-resistance galvanometer coil was next connected 
with the telephone and moved to various positions about the 
dynamo. The resnits uniformly corroborated those obtained 
with the telephone directly. The currents in the coils short- 
cireuited by the brushes therefore affect the magnetism of the 
iron of the field magnet, although one would hardly expect that 
sluggish cast-iron and solid wrought-iron would respond to 1054 
complex cycles per second. To make sure that the magnetism 
of the whole circuit did actually pulsate, the external circuit of 
the dynamo was opened, all the brushes were raised, battery 
eurrent was sent through the field coil, and the telephone was 
shunted around part of the regulating rheostat in the field cir- 
cuit. The telephone remained quiet until one brush was lowered, 
when the same roaring was noted again, showing that the field 
current was caused to pulsate by the short-circuited armature 
cols. This phenomenon is akin to that noted with alternators 
whose armature reaction causes the field current from the exciter 
to pulsate in unison with the alternating current. 

The previous experiment seems to show that the fluctuations 
in the current do indeed come from some action of the brushes 
and commutator; but further, that it is not due entirely, perhaps 
not at all, to the simple cutting of an armature coil out of the 
main circuit. It is due rather to the more roundabout action of 
the current through the short-circuited coil, causing pulsation in 
the strength of the whole field and so affecting the total E. м. F. 
induced in the whole armature. In the сазе of the shunt 
dynamo, the magnetic field fluctuates not only from direct 
influence of the current in the short-circuited coil, but also from 
the fact that this in turn affects the current in the field and 
thereby again affects the total magnetization. Later measure- 
ments of the instantaneous values of the external current at 
different epochs of the pulsation seem to indicate such action. 
The effect of the series coils seems to be a smoothing out of the 
fluctuations, the self-induction of the coil having more effect 
upon the current passing than upon the magnetization. 

The pulsations are greatly affected by the condition and the 
setting of the brushes. То such an extent is this true that it is 


458 SHEPARDSON ON TELEPHONE DISTURBANCES [June 29 


difficult to obtain two consecutive curves which coincide. The 
slight wearing of the brushes during a run of less than an hour 
when they are outside the non-sparking region, will introduce 
changes that entirely mask the variables which it is sought to 
examine. In fact, the condition of the brushes seems to have 
more effect on the pulsations than anything else, во that the sug- 
gestion has arisen that operators could readily check the setting 
of the brushes by introducing a coil and electro-dynamometer 
into the circuit of each machine at such intervals as might be 
desirable. 


TABLE V. 
Effects of Field Excitation and Armature Current upon Fluctuations 
Through Air Core Transformer. Edison Dynamo on Non-Inductive Load. 
Shunt Machine. uu coo Compound Machine. _ _ сюемен 
Position of Brushes. PES 
6.4 Amperes. 12.8 Amperes. 12.8 Amperes. 6.4 Amperes 
4 267 ? 377 | 203 x 
45 152 348 193 93 
5 | 59 203 257 105 
514 87 264 100 25 
6 | 30 85 53 20 
614 | 28 97 79 19 
7 26 94 88 17 
7% | 56 89 24 10 
8 | 56 192 88 49 
874 | 130 257 57 28 


To show how largely the fluctuations of current are affected 
by the setting of the brushes and the brush-yoke, Table V. is 
given for comparison with Table IV., all the conditions being 
apparently the same except a small difference in the current. 
The readings in Table IV. were obtained by goiug through the 
whole curve for different positions of brush-yoke with one 
arrangement of the circuits; for example, as a simple shunt ma- 
chine giving 6.3 amperea, and then changing the cireuits and 
taking readings for another series of brush-yoke settings. The 
readings for Table V. were taken by keeping the brushes and 
yoke in a constant position, while the corresponding readings for 
the four eurves were obtained with the help of switehes that 
changed the circuits and currents. From an inspection of the 
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two tables it is seen that the same general relations exist among 
the four corresponding curves, although corresponding curves 
for the same arrangements of circuit on the two different days 
do not at all coincide. Some irregularities from undiscovered 
. sources affected the readings so that they are not of best value, 
yet they illustrate the point that apparently small matters may 
greatly affect the relative amount of fluctuation in the current. 

It was planned to carry on next, a series of experiments to 
determine the relative pulsations in the currents supplied from a 
number of individual machines, and a current of equal strength 
supplied from the same machines working in parallel, but a mishap 
in the laboratory delayed such work until too late to report at 
this meeting. It is believed, however, that when a number of 
machines are operating in parallel, the fluctuations from the 
various machines combine so as to form a resultant fluctuation 
less than that from any one machine. This is believed to be 
one of the two principal reasons why the fluctuations in the 
current from the rotaries now used by the lighting and railway 
companies referred to above, are much greater than they were 
when each company was using & eomparatively large number of 
small machines in parallel. 

The other principal reason for the greater pulsation is believed 
to be the faet that the rotaries now used, have toothed armatures 
and laminated pole-pieces, while the machines formerly used had 
solid cast-iron pole-pieces and had smooth body armatures. In 
the case of the rotaries the magnetic circuit has less reluctance, 
aud the self-induction of the coils is greater, and the current in 
the short-circuited coil therefore reacts more strongly upon the 
field, which responds more readily, and so causes the total voltage 
to vary to a greater extent than oecurs with the smooth body 
machine. It is desirable to test two machines which are identical 
except that one has a toothed armature while the other has a 
smooth core armature. 

With so many elements liable to change, it seemed at first 
impossible to obtain the instantaneous values of the current so 
as to plot curves for the pulsations. The whole pulsation is 80 
small a part of the total, one per cent. or less, that the common 
methods of getting the curves by fall of potential seemed unprom- 
ising, since the voltage on the power fluetuated circuit through 
quite a range. It was suggested that the pulsations of voltage 
might be measured directly by putting a battery in the condenser 
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circuit so as to oppose the principal к. м. к. of the circuit, leaving 
the condenser to be charged onlv bv the pulsating difference 
between the к. M. к. of the battery and that of the line. Time 
did not permit trying this method. Another method conter- 
plated was to use two standard condensers, one of which should 
be connected into the cireuit at a fixed instantaneous point, while 
the other should be connected into the cireuit at different points. 
Thus one would be charged with the whole voltage at one part 
of the fluetuation, while the other would be charged at some 
definite interval from the first. Dy connecting the two con- 
densers through a ballistic galvanometer, a kiek would be caused 
by the cites ace between the two charges. Upon obtaining two 
standard mica condensers from two different well-known firms, 
the two were found not to agree within two per cent., and so 
that method was temporarily laid aside. By the two condenser 
method, the curve could be obtained in a way similar to a com- 
mon method for obtaining curves of. potential around a commu- 
tator, either by the single er double brush method. Бог this 
purpose, ordinary parathn condensers are of little use, since 
with a water jet device the actual time of contact is a small frac- 
tion of a second, even though the condenser be kept charging 
for a whole minute for each reading. 

A number of attempts were made to obtain curves of the in- 
stantaneous values of the pulsations of the current, but none gave 
entirely satisfactory results. A number of curves were obtained, 
each of which showed a high sharp peak at the point where a 
commutator bar left the brusli: There is in each ease another 
but less marked peak at a point corresponding to the middle of 
each bar. The exact cause of the second peak has not vet been 
definitely located, it being probably due either to the entering 
of a bar under the br ush, or to the delaved effect of the Пасо. 
in the field eurrent. 

As stated at the outset, the-e experiments are only preliminary 
and iucomplete, but tliey suggest an intensely interesting field 
for further experiment. 
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THE GRAPHICAL TREATMENT OF ALTERNATING 
CURRENTS IN BRANCHING CIRCUITS 


Үүтн SreciaL REFERENCE TO THE CASE OF VARIABLE FREQUENCY. 


BY HENRY T. EDDY. 


1. Let a simple harmonic к. м. Е. whose constant maximum 
pressure is Æ volts be applied to the common terminal of the 
two branches of the split circuit shown in Fig. 1. 


Fia. 1. 


Each of the branches, designated as 1 and 2, is taken to have 
in it either a condenser or a self-inductive resistance in series 
with an ohmic resistance of #,, or /2,, ohms; but no mutual in- 
duction between the branches is supposed to exist. After treat- 
ing the special cases in which there is one kind of resistance only 
.in each branch, besides ohmic resistance, viz: either a condenser 
in one branch, and a self-induction in the other; or a condenser 
alone in each branch; or self-induction alone in each branch; the 
general case in which both branches have in series condensers and 
self-inductive resistances as well as ohmic resistances will be made 
to depend upon the special cases first treated. 

461 
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In case the pressure Æ acts between the terminals of branch 
1, having a resistance of X, ohms and a capacity of C — 1/ A 
farads, the maximum current of /, amperes may be found from 
the clock diagram, Fig. 2, in which Z, is the chord O P, of the 
semi-circle whose diameter is O E, = E/R, and б, the lead of 

1, is given by the equation. 

. " 
tan 0, —., 1 
' Rw (1) 
in which w = 2 n z is speed or angular velocity, and n is fre- 
quency or number of complete alternations per second. 


Now 


Fic. 2. 


Lom Е 1 


Em ЗРВЕЯ 0, = —— ÁO: 2 
® т, X tan б) (2) 


lence /, increases from the value zero to Æ/ R, as w and the 
frequency increases from zero to infinity. 


It will be convenient in treating variable frequency to speak 
of w as the measure of the frequency. 


Similarly, in а second branch having a resistance of Æ, ohms 
and self-induction of Z henrys, the pressure Æ causes a maximum 
current of Z, amperes shown in Fig. 3 as the chord 0 P, of the 
semi-circle whose diameter ів O Æ = E/R, and the lag 6, ів 
given by the equation 


tan 6, = L o (3) 


› ? 
Le, 
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But 
E E 1 


Ap Con ae рше зш 


5 (4) 
hence /, decreases from the value £//2, to zero as the fre- 
quency increases from zero to infinity. 

The semi-circles in Figs. 2 and 3 are the loci of the extremities 
of the vectors representing the maxima values of the currents /, 
and Z, in case Z2, and /2, remain constant, while а = tan 0, and 
2 = tan 0, are made to vary from zero to infinity or vice versa, 
either by varying w alone, or K and Z alone, or by varying these 
all at once. 

It is convenient to regard а and В asa kind of coordinates for 
expressing the properties of split circuits. 


О | E 


Г to Yuerecuts 
Еа. 8. 


2. For example, in the case represented in Fig. 1, of а capac- 
ity C in branch 1, and a self-induction Z in branch 2, take one 
coordinate constant, as for instance let а = tan 0, = 2, while 8 
= tan l, is variable. Then if we lay off in Fig. 4 О Е, = E/R, 
and О Ё = ЕЈ 12, we have J, = O P, which vector will be 
fixed in magnitude and position, so long as а is constant. But 
P^, the extremity of the vector /, = О Р, will describe the 
semi-cireumferenee O Æ, from O to Æ, as 8 decreases from in- 
finity to zero through the successive values shown on Fig. 4. 

Hence Р, the extremity of the vector O P = J which repre- 
sents the total current produced by Æ in both branches, or the 
resultant of /, and 7, describesa semi cireumference whose di- 
ameter is equal and parallel to О Æ, and beginning atthe fixed 
point P, the extremity P describes the complete semi-circumfer- 
ence while 9 decreases from infinity to zero. In like manner are 
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to be located the other semi-cireumferenees along which « has 
the successive constant values shown in Fig. 4. They are each 
to be constructed by locating 7^, upon the circumference of the 
semi-cirele O Æ, in such successive positions that O P, will cause 
the corresponding co-ordinate tan Өү = a to assume the required 
constant values. Their centers all lie on the circumference of the 
semi-circle (5 (3. А set of semi-circles whose diameters are 
equal and parallel to O Æ, and whose centers lie on the semi- 
circle ( (1 will likewise begin at successive fixed points P’ 
along the semi-circle O Æ, and will show the locus of the ex- 
tremity of the vector / = (€) /?, for successive constant values of 
tan 4, while « = tan 0 decreases from infinity to zero, as shown 
alsoin Fig. 4. From this point on, we shall for the sake of 
brevity use the terms circle and semi-circle to designate cireum- 
ference and semi-cireumference. 

When both these series of semi-circles have been drawn upon 
a diagram, for a set of successive numerical values of the co- 
ordinates lying near together, we then have in effect a table from 
which the value of О P = [сап be found by observing at what 
point the semi-circles intersect for any given values of the co- 
ordinates. For example in Fig. 4 we have represented the cur- 
rent / = O P fora = 2 and 3 = 1, which may be expressed 
in abbreviated notation more conveniently by designating this 
point /? as the point (2, 1). 

In case the semi-circles of each set are drawn for successive 
values of the co-ordinates at small numerical intervals, interpola- 
tion for intermediate values will be readily effected. 

Different diagrams will be required for different ratios of 2, 
to Æ: all other changes require a change of scale only in order 
to measure Z. 

Fig. + has been constructed for Z2, = 4 2, Меге R, = 2 Р, 
while C and Z remained unchanged in their respective 
branches, the diagram would be turned upside down, and be in 
effect, a reflection of Fig. 4 in O Q. 

Now the two sets of semi-circles are so situated with reference 
to each other that some of the semi-circles of one set may ap- 
parently intersect certain ones of the other set in two points. 
But if the matter be rightly considered, such double intersections 
do not really occur; for the area we are considering, is enclosed 
by the five semi-circles whose centers are at C, C, C C, С,. 
Hence S Ё and S А аге portions of its bounding. edges, just as 
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truly as 5 O and S Q. In fact the area consists of two equal 
parts or leaves which partially overlap: the first leaf bounded by 
the three semi-circles whose centers are C C, С„ and the second 
leaf by the three whose centers аге C С! Си. These two leaves 
are joined along the semi-circle А T ÆA, which thus forms an 
edge of junction and our tabular diagram would be correctly 
constructed, were it actually made of two leaves united along 
this semi-circle and not elsewhere. It will be noticed that every 
semi-circle of each set touches this semi-circle ЁЛ T Æ which is 
therefore the envelope of both sets. Every semi-circle of either 
set begins at Z’, or 7^, at the edge of the first leaf, and if a point 
P start at P, or P, and move along one of these semi-circles, it 
traverses the first leaf, reaches the point of tangency on the 
edge of junction, then enters upon the second leaf, and finally 
reaches the edge of the second leaf. Considered in this way, as 
it must be, no semi-circle of one set has more than one intersec- 
tion with any semi-circle of the other set. But any point of the 
first leaf within the area S Æ, T E, falls upon a point of the 
second leaf having (2 P = / identically the same for both. In 
other words, there are two perfectly distinet ways of producing 
the same total current in case 7? falls within this area. In case 
however that P fall within either leaf and outside this area, 
there is one way only of producing the current Z = О P, while 
no possible variations of frequency can make P fall outside 
both leaves. 

Consider some point (a, 8,) in the first leaf, say (2, 3); then 
Р! the corresponding double point at the apparent second inter- 
section of these semi-circles is numerically very near (4&, 3) in 
the first leaf, and (2, 1) in the second leaf; while the point (a, 
5.) m the second leaf to which this double point corresponds 
is very near (,8,, 3. In other words the double point (a, 3), 
(а, /3;) corresponds to both (д, 3) and (a, /2;. It also bisects 
the distance between them, for the center of the semi-circle 

(= 2, кау) must be moved the same distance in the same 
direction to change it to a, ( = s, вау) as the center of the 
semi-circle 3, ( = 3, say) to change it to 2, (= 4, sav), viz: 
the distance from one of these points to the double point. 

According to this wav of viewing the subject, any point, as 
(2, 4) is regarded as located by starting from 0 and following 
successively two of the ares which form the sides of the curvi- 
linear parallelogram, whose angular pointsare ( oo, œ) at O, ( о, 1), 
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(2, œ) and (2, Ф) by a geometric addition of sides. It will be 
notieed that the order of the addition is unimportant, and that 
the point arrived at, is in the second leaf, whichever order be 
followed. The actual parallelograms of currents are the chords 
of sides of the curvilinear parallelogram. 

Every possible value of the total current Z lies between 0 Q 
= El R, + ЕЈ 10, and zero. There is a minimum value of / 
for each given value of either of the co-ordinates. For example 
let a, = tan 0, = 2, then the nearest point of this semi-circle 
to O, may evidently be found by drawing a straight line from O 
to the center of the semi-circle @ = 2, and similarly for any 
semi-circle of either set. The distance from (7 to the intersec- 
tion is the required minimum. The corresponding value of the 
other co-ordinate can be read from the diagram. 

For each given value of either co-ordinate there is по maxi- 
mum value of Z, but there is a greatest value at the extremity of 
each semi-circle farthest from 0. 

For each given value of either co-ordinate, there is a value of 
Г, giving a minimum lead (or lag) to be found by drawing 
through 0 a line tangent to the given semi-circle ; but there is no 
maximum lead (or lag); its greatest value however, is to be 
found by drawing a straight line from O to that extremity of the 
given semi-circle which lies nearest to 0. 

It will be shown later, that for. any pair of points situated at 
the same height above or below О Q and at equal distances to 
the right and left of S 7, the values of their co-ordinates are re- 
spectively the numerical reciprocals of each other:—for, ex- 
ample, (2, 3) and (4, 4) are so situated. 

3. Next consider the case of two branches each of which con- 
tains a condenser onlv, or each a self-inductive resistance only, 
in addition to its ohmic resistance. 

In Fig. 5 each branch is supposed to contain a condenser, and 
it is assumed that Æ, = 3 R, Were both branches to contain 
self-inductions instead of condensers, the semi-circles would all 
lie below O Q. The construction is like that of Fig. 4, except 
that both 0, and б, are on the same side of O Q. 

The semi-cireles of both sets are tangent to the semi-circle 
ОТО which forms the edge of junction in this case. The other 
boundaries of the area within which / must fall are the four cir- 
cles whose centers are C, C, C! CG, while S О T Q is the por. 
tion of the area, where the first leaf which is bounded by three 
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seini-eireles whose centers аге C, C Cj, overlaps the second leaf, 
bounded by the three semi-circles whose centers are at C, C C. 

Every semi-circle along which 3 = tan 0, has апу given con- 
stant value, starts in the first leaf from the initial semi-circle 
whose diameter is O Æ, and ends at the semi-circle in the second 
leaf whose diameter is Q 7, as a = tan 0. decreases from in- 
tinity to zero; while every semi-circle along which а = tan 4, 
has any given.constant value starts in the second leaf from the 
initial semi-circle whose diameter is О Z and ends in the first 
leaf at the semi-eirele whose diameter is Q Æ, as 3 decreases 
from infinity to zero. Since the semicircles belonging to any 
pair of given values of a and 53, start in. different leaves, their 
point of intersection (и, 3) lies on one of the semi-circles further 
from the starting point than its point of contact with the edge of 
junction, and on the other semi-cirele nearer its starting point. 
In Fig. 5, the point P = (2, $ lies in the first leaf, and on а = 
2 it lies further from the starting point. 7^, than the point of 
contact with the edge of junction, while 7? lies on 3 = $ nearer 
Pa than its point of contact. The point of the second leaf which 
coincides with /? is approximately the point (5, pD. Any double 
point (д, 25), (a5, Bp lies midway between the points (д, 3) and 
(42, 3), and the point P in Fig. 5 lies midway between the two 
points whose numerical vales are approximately (8, 3) in the 
first leaf and (2, 3) in the second. The proof of this statement 
is the same as that given in Fig. 4. 

There is a maximum value of / for each given value of a or 
B, aud it may evidently be found by drawing a straight line 
from O through the center of the semi-circle for that given value 
until it intersects the semi-eircle. But there is no minimum 
value of Z = O Р for each given value of а or д, though there 
is a smallest value when / is at the initial point of the semi- 
circle nearest to 0. 

For each given value of a or f there isa value of / giving a 
maximum lead (or lag), which is to be found by drawing from 
О a tangent to the given semi-circle. In Fig. 5, О P is very 
nearly tangent to 2 = 4. The least value of the lead (or lag) 
is found by drawing a line from 0 to the farthest extremity 
of the given semi-circle, this value is however not a minimum. 
Any pair of points whose respective co-ordinates are numeri- 
cal reciprocals of each other lie at equal distances to the right 
and left of S Tand at the same Helen above (or below) O Q, 
as will be shown later. 
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The special case of X, = /, would cause Zi, Zn and S to fall 
at C, and so make the two leaves cover precisely the same area. 
Also in this case tlie semi-cireles а = f having equal numerical 
values coincide, and every point isa double point in which the 
numerical values of a and 3 exchange places, е. у. (2, 3) and (3, 2) 
would refer to the same double point. The constructions in 
Figs. + and 5 are specially suited to discuss cases in which the 
capacity or self-induction of a single branch is made to vary, 
for then, one or other co-ordinate only varies. 

i. Having thus shown the boundaries and contour lines of the 
two-leaved plane surface within which /?, the extremity of Z= 
(2 Г, the total current must lie in case of а split circuit, it will 
be specially useful in case of variable frequency to discuss certain 
loci obtained by assuming fixed relations between the co-ordi- 
nates. These relations arise naturally from the algebraic form of 
their values as expressed in equations (1) and (2), viz:—By mul- 
tiplving (1) and (3) together we have 
AL 
k, В, 
which is independent of the frequency, z. e. the products of co- 
ordinates for the same value of the frequency is independent 
of the frequency and is the same for all frequencies. 

It is possible to construct the locus for any given value of (7, 
(2. e., when A and Z are known) in a convenient manner, as fol- 
lows: Introduce two auxiliary angles с, and o, such that 


=== == ? Е D» 
tan 6, tan 0, = = (G5, say, (5) 


tan 6, = G tan g, and tan 0, = G tan o, 
^. by (5), tan g, tan g = 1, (6) 
G+ Фә = 90°. (1) 
It is evident that the magnitudes in these equations are related 
to each other in the manner represented in Fig. 6, in which 
D A Fisa right angle, and 
_ АВ 


= ORB? 6) 
for, O D tan 0, = A D tan е, 
and O D tan 0, = А В tan ç, 


A D and A F may be drawn atrightangles by making them pass 
through the extremities of the diameter of any circle through A 
whose center is on A Ø. In this way it is possible to construct 
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with ease the lead 0, and the lag 6, of any pair of branch cur- 
rents / and Z, that belong together, 7. e., that are produced at 
the same frequency. Should the value of the frequency be re- 
quired, it сап be found from equation (1). In Fig 6 we have 
taken (7 = 4. Let us proceed to construct the required locus as 
shown in Fig. 7, in which lay off O E, = E/R, and О E; = 
E| R,; and taking any convenient point B, assume A in such а 


Fr 


D 


Fic. 6 


position as to make the ratio А B/O B = (7 assume any par- 
ticular value desired. In Fig. 7, Œ = 2. Construct 0, and 0, as 
was done in Fig. 6, then О P, = Гапа 0 Р, = Г, are the com- 
ponents of the total eurrent O P — /. 

By taking successive positions of lines at right angles to each 
other through A, the points P, and P, will traverse the semi- 
circles whose centers are C, and С, and the point Р will traverse 
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a curve consisting of a single spire reaching from Æ, to Ё. 
The spire shown in Fig. 7 is the locus corresponding to G = 2, 
in ease 8 /2, = 4 Ma 

The fact that /2, > K, causes the upper part of the spire to be 
the smaller, since the diameter 4/2, of the semi-circle (| is less 
than the diameter Æ/ R, of the semi-circle (4, and each spire ap- 
proximates to some extent in its shape to that of the two semi- 
circles. In fact, when G is infinite the curve eonsists of these 
two seini-eircles themselves, and for other values of G those ly- 
ing nearer infinity have spires closer to the semi-eircles, while for 


Fic. 7. 


(r = 1 the spire reduces simply to the semi-circle whose diam- 
eter is LZ, Æ Spires for various intermediate values of (/ are 
shown in Fig. 9 on the left. 

The truth of these statements may be shown as follows: 

In case G is infinite, either A or Z must also be infinite by 
equation (5). But, A infinite makes /, = 0 by eqs. (1) and (2), 
in which case / coincides with 4, and the semi-circle оп O £, is 
the locus. While Z infinite makes 4, = 0 by eqs. (3) and (+), 
and the semi-circle on O £j, then becomes the locus. In case 
(7 = 1, the locus is the semi-circle on Æ, А, for resolving / and 
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/, into their working and wattless currents, and noting that in 
this case 0, + 0, = 90° by eq. (5), we have on taking the origin 
of rectangular co-ordinates at O, and putting ///, = a, and 
Ej fi = а, 


Г cos 0, = x, = a, сов 6, 
Г, сов 0, = c, = а, cos 20, = a, sin 76, 
Г sin 0, = y, = a sin Ө, сов 0, 


Г, sin 0, = y, = а, sin 0, cos 0, = а, віп 0, eos #,. 
But if x and y be taken as the co-ordinates of P reckoned from 
C as origin, we have, since O C = $ (a, + 2j), 
т + 5 (a, + a) = c, + «x, = a, сов 0, + a, sin? 0, (9) 


y = y, — Yo = (a, — a) ein A, cos б, 


Fic. 8. 


.. == $ (a, — a) cos 2 б, 
y = + (a, — ал) sin 2 0, 
ea p! = F (a aj (10) 


and the locus of 7? in this case is therefore the semi-circle on £j, Æ.. 

Before proceeding to construct the locus of P for cases in 
which G < 1, it will be first proven that reciprocal values of G 
give pairs of loci which are equal right and left spires such that 
they are simple reflections of each other in C S of Figs. 8 and 9. 
For, in Fig. 8, let /^, and P! be such that /, and 7j! have equal 
wattless currents, as also 7, 7, ; then the total currents / and /! 
must have equal wattless currents. Hence P and Р! are equi- 
listant from Æ, Æ 
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уу = уу, 7. sin 0, соз 0, := sin Өү! cos 01, 
- sin 2 4, = sin (180° — 2 бу”), 


.. 0, + Ө! = 90°, and 0, + 0 = 90? (11) 
'. sin 0, = cos 0,', and cos 0, = sin 0! etc. 
Dy eq. (9), sH tH a ta = 
a, cos 0, + a, sin 0, + «a, cos °?! + a, sin 0! 
. т-а =0..@ —– а (12) 


from which it appears that /" is as far to the right of C as Р ів 
to the left of it. Hence the loci of P' and / correspond point 
hy point in case eq. (11) holds. But in that саве. (7 and (7! have 
numerically reciproca] values, for we then have 


tan 0 tan 0! 
tan (A p At) = ST m 


. tan б, tan 0,! = 1, and tan 0, tan @,' = 1, 
<. tan 6, tan б, tan 01 tan A = 1 .. G G' = + 1,by eq. (5) 


Hence the loci of /? and Z” constructed as in Fig. 8, во that 
their components have the same wattless currents are equal right 
and left spires, syminetrically situated with reference to C S, 
and the values of (7 and (7' are numerical reciprocals. In Fig. 
8, 6 = 9, G' = 4 and 72, = 3 X, nearly, and this last causes 
the upper part of the spire to be the larger. 

The fact of the symmetrical disposition of the spires in pairs 
essentially diminishes the labor of preparing & sheet containing 
spires for various successive values of (7 such as is represented in 
Fig. 9; for, when any one spire has been constructed, its reciprocal 
spire may be readily traced without further construction. Thus 
it will be seen that all spires for values of ( between infinity and 
unity lie in the first leaf, and all spires for values of (7 between 
unity and zero lie'in the second leaf, while (7 — 1 is the edge of 
junction: G = æ is the external boundary of the first leaf ; 
and G = О the external boundary of the second leaf. 

When spires have been constructed for a comparatively small 
number of properly chosen successive values of G, intermediates 
may be readily interpolated by estimation, and then such a dia- 
gram as Fig. 9 furnishes a table of values of / and its lag or lead 
for a given ratio of the resistances, with a single spire in it for 
each value of (7, the different points along the spire corresponding 
to different values of the frequency. That part of the total area 
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where the two leaves overlap furnishes apparent intersections of 
the set of spiresin which (f > 1 with the set in which (r <1 
but the sets are on separate leaves and do not really intersect. 
Every point of S Æ, T E; is a double point with identically the 
same current /, but produced by very different values of Z, Æ, 
and о. The only possible way by which any one of these equal 


values of Z = О P could be gradually changed to the other 
would be by gradual variations of frequency ete., by which Р 


should move to the edge of junction in one leaf and back on the 
other leaf to the same position. The relative positions of Æ, and 
J depend upon the ratio of the resistances Æ, and A, ; in case 
PR, > 2, then А is situated at the left of C as in Fig. 7, and 
vice versa. 


A diagram for the case of A, = Е f, would be that of Fig. 


9 reflected in O О, or revolved 180° about O Q. The same is 
true of any diagrams for reciprocal values of the ratio of the re- 
sistances. It is to be noted that foreach value of (7 > 1 there is 
a mimimum value of Z = O P less than either a, or a,, while for 
each value of (7 < 1 there is a maximum value of 7 greater than 
either a, or а. Also for each value of G there is in general a 
maximum value of both lead and lag other than zero. 
Moreover there is in general a value of 7 in consonance of phase 
with Æ; 2. e., it has neither lead nor lag, which differs in magni- 
tude from both а, and о, and consequently occurs at a frequency 
lying between infinity and zero. This value of / is less than 
either a, or a, if G > 1, but is greater than either a, or a, if 
(r < 1. These statements appear from inspection of Fig. 9. 
As is evident from what has preceded, the loci which are thus 
obtained are specially useful in tracing the manner in which the 
total eurrent through two parallel branches varies as the fre- 
quency varies from infinity to zero in case the resistances are 
given and one branch has in it a condenser of known ‘capacity 
while the other contains a known self-inductance resistance ; and 
the effect on the total current of variations in the capacity of the 
condenser or in the self-inductance resistance may also be traced 
by their help though not so readily as variations of frequency. 
One convenience possessed by these loci is that as we pass from 
one value of G to another we take steps that begin with the 
boundaries of one leaf and end with the boundaries of the other, 
while the common boundary between them is an intermediate 
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locus. For, in саве G = æ the locus consists of the two exterior 
bounding semi-circles of the first leaf, in case (7 = O the locus 
is the locus that bounds the second leaf in the same manner, and 
G = 1 is the edge of junction, while intermediate values 
give intermediate loci. The саве of X, = 20, is worthy of no- 
tice, for in that case the spires become circles as shown in Fig. 
10, which truth may be demonstrated as follows: Таке Æ in 
Fig. 10 as origin of the rectangular co-ordinates and y, but us- 
ing the other symbols æ, etc., with meanings already defined, we 
have, since in this саве О Е = а = a, = а, 
г + a = (ж, + a) = a (сов *0, + cos *0;) 
у = у, — у» = а (віп 0, cos 0, — sin 0, cos б») 
. ж = $a (cos 2 0, + cos 2 0) 
y = $ a (sin 2 0, — sin 2 0.) 
L у= уа [i + cos 9 (0, + 0] = & cos (0, + A) 


Also. Y = siu 2 0, — sin 2 0, 


Em R c c ere 0, — 0 
cos 2 0, + cos 2 0, in 2) 


= cos’ (0, — 0, 


. £ 

wy 

. Gag _ cos a dup 0, tan 2) = GENI 
| (d + у)» сов? (0; + 06; — X) — tan 0, tan б, 1— (r? 


opty = + (1) aa (13) 


which is a double set of circles having а common tangent at Æ 
and lying inside the circles for which 67 is zero and infinity. 
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Though the equations of the loci are in this special case ex- 
pressible in algebraic form in rectangular co-ordinates, such is 
not generally the case. 

5. Consider next the set of loci for the case in which the two 
branches both contain condensers only, or self-inductions only, in 
addition to ohmic resistances, and let the product of the tangents 
of lead (or lag) be aseumed constant. 

For example in Fig. 11, let 

A, A, — (л 
Го, 10, wo М uS 
2. e. 0, and 6, both lie on the same side of O Q. If in this case 
also we take tan 0, = G tan ¢, and tan 0, = G tan y, then eqs. 
(6) and (7) likewise hold true. The construction is readily fol- 
lowed in Fig. J1 where the point / on the locus G = $ is con- 
structed by making 0, and 0; any two complimentary angles, by 
the simple device of drawing from A lines to the extremities of 
any chord parallel to A B, and making G = A B / О B as in 
Fig. 7. We have made tan Ф, = 3 .'. tan o, = 4, so that tan б, 
$ and tan 60, = 4. | 

By suitable variations of these angles under the condition ex- 
pressed bv (14), the locus may be traced for this and other val- 
ues of G. But along each locus A, and A, must be regarded as 
variable as well as the frequency, though the frequency is con- 
stant in case the product A, A, is also constant. 

Each locus of the set terminates at Æ, and Æ, having vertical 
tangents at those points, and it has also one tangent line in com- 
mon with the semi-circle whose diameter is O Q, i. e. that semi- 
circle is the envelope of the set. The point of contact of each 
locus with this envelope is such that for that point, 


tan 0, tan 0, = 


tan 0, = tan 0, = tan 0 = (т (15) 

and 
1 = (а + a) cos 0 = а 16 
c na (16) 


and at this point the locus passes from one leaf to the other. 

Those loci for which G > 1 have one or more maximum 
values of Z. Others may have a maximum value of Z7 near that 
given by eq. (16); but for small values of G there is no maximum 
value of Z. For small values of G there may be one or more 
maximum values of 0. Others may have 0 a maximum not far 
from that given in eq. (16), but for large values of G there is 
none. 
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For (7 = œ the locus is formed of the two semi-circles C, and 
C; for G = 0 itis C and Cj. For G- = 1 the locus is the 
semi-ellipse £j, T Æ; for, in this case 0, + 0, = 90°. 


с. sin 2 f, = sin 2 0, and cos 2 0, = — cos 2 0, 
s.c = $ (a, — a) cos 24, y = + (a, + а,) ѕіп 2 A, 
p 2 
e еи (17) 


© (a; — a) 


(4, + a.) 


For intermediate values of 6 the loci assume intermediate 
forms which gradually change from the semi-ellipse to the two 
semi-circles mentioned above. 

Reciprocal values of G are disposed symmetrically about S 7. 


For the case of self-induction in both branches the loci lie be- 


low О Q, so as to place the loci upside down with regard to that 
shown in Fig. 11. 


In the special case of №, = Ra Fig. 12 


r = $ а (соз 2 8, + cos 2 A) 

y = ўа (sin 2 0, + sin 2 4,) 

J + a? = а? cos (4, — Ө.) 
у _. sin 24, + sin 2 0, 
T 


a ыл ы Mec TE EET f). 
cos 2 0, + cos 2 fj, Vh dr f) 


g? 


а ry = cos 0, + 0.) 
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| аа? — cos 04 60, — t — tan 0, tan i) 
(+ y" сов? (0, — 0) — M + tan 9, tan 0 

ee ye tS Go) а» (15) 
"This equation represents a set of circles having а common vertical 
tangent at Æ, which tangent is itself that one of the set for which 
6G = 1 whose radius is infinity. All these circles lie outside the 
pair whose diameters аге O E and Q E, and only so much of 
each circle forms the locus in question as lies within the semi- 
circle of diameter О Q. The points where each locus meets the 
edge of junction is the fixed point of contact mentioned in Fig. 
11, where each locus passes from one leaf to the other. That 
part of each locus which lies in the first leaf falls upon and coin- 
cides with the remaining part in the other leaf. 

6. Still assuming that both branches contain condensers only, 
or self-inductions only besides ohmic resistauces, construct loci 
in case the quotient of the tangente of lead or lag be taken as 
constant. These loci may also be readily constructed as shown in 


Fig. 13, which is drawn for the case of a condenser in each 
branch. Then 


tan 0, = Е. and tan 0, = A 
Г, w 9 о 
tan 6, A, 2, А 
"Mp coca E. uar rud Eua 19 
nau ke Y PA 


in which 0, and 0, both lie on the same side of O C. 

In Fig. 13 to construct, for example, the locus for which 
F = 4; а апу point В lay off B F/B D = £and complete 
the parallelogram оп О P, and О Р. Then P isa point of tlie 
locus. By moving this vertical В D F to different distances to 
the right of О, other points of F = 4 may be constructed. 
Verticals divided in other ratios give loci for other values of Z. 
Several of these have been constructed by points in Fig. 13 On 
cross-section paper or profile paper successive points of these loci 
may be constructed with facility and rapidity. Each of these 
loci extends from (2, where the frequency is infinite, to Q, where 
it is zero, and / = O P may consequently assume any value be- 
tween zero and a, + a for each value of F, while Z has in gen- 
eral no other maximum or minimum values. It is evident that 
the locus F = 1 is the semi-circle O T Q, which is the edge of 


482 


EDDY ON GRAPHICAL TREATMENT 


[June 30, 


1898. ] OF ALTERNATING CURRENTS. 488 


junction along which the two leaves join. The system of loci 
lying in the firet leaf are those whose values of Z lie between 
infinity and unity, and they constitute a series of curves which 
gradually change in shape from the two semi-circles О Ё, and 
E, Q in case F = ою, to the single semi-circle О T Q in case 
deem 

To each of these curves in the first leaf there corresponds an 
equal locus in the second leaf, such that the value of Æ is the - 
numerical reciprocal of that in the first leaf F, or, if we dis- 
tinguish magnitudes in the second leaf by primes and let the 
components А! and /,' have such directions that 


tan 0, tan 0,! = 1, and tan 0, tan б! = 
= 0, tan 0, 


tl zc n de Xierqj 
e tan 0, tan 6, К s 
but ein б, = cos 0, ete., 
and cos 6, = sin 9,', etc. (20) 


Hence, as shown in eq. (12) P" is as far to the right of Сав P is 
to the left of it. 


But, у = у | у = а, sin 0, cos 0, + a, sin 0, cos б, 
and у= у y,; = a, sin 0, cos 0; + а, sin 0, cos 0, 


'. by eq. (20), у = у", or P and 7! are at the same distance from 
О Q. Hence, in case F F" = 1 the loci of P and Р! are pairs 
of equal curves symmetrically situated about C 7. 

Each locus of the set / > 1 apparently intersects each of the 
set F < 1, at some point in the area O 5 Q T, but such is not 
really the case, since all of the first set lie in the first leaf, while 
all of the other set lie in the second leaf which overlaps the first 
in the area just mentioned ; so that of two coincident values of 
I = О P which lead to overlapping points, or apparently coin- 
cident points, the one can be gradually and continuously changed 
into the other only by moving P so as to cause /' to assume all 
intermediate values, including / = 1. ! 

For very large or very small values of Æ the locus approxi- 
mates to the semi-circles with centers C, C,' or to C, С. It will be 
noticed in these cases that since the curve dips toward / or Æ 
there may be one value of / for which the lead is a minimum, 
and another for which it is à maximum, and these are to be lo- 
cated by drawing tangents to the curve through О; but values 
of F that are neither large nor small afford no maximum ог, min- 
imum lead except 0? and 90°. 
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In case both branches contain self-inductive resistances instead 
of condensers the diagram lies below 0 Q instead of above it. 

There is always one value of / for each value of / that affords 
a maximum wattless current, and for very large and very small 
values of F there may be two such maxima and one minimum 
between them. These can be located by drawing horizontal tan- 
gents to the locus, or they may be determined analytically by the 
conditions for a maximum or minimum of y. 

Every value of / has a lead, and hence no case of consonance 
of phase between / апа Z occurs for any finite frequency, but 
that state is more nearly possible the more nearly / approaches 
to zero or infinity. Each locus becomes more and more nearly 
symmetrical about У T the more Zi; and £, approach equality, 
and the special ease of R, = R, causes each pair of loci for re- 
ciprocal values of Z to coincide, 7. e., each locns is symmetrical 
about У 7. The equation of the locus in rectangular co-ordinates 
may then be obtained in algebraic form. Take the origin at C, 
then using expressions found previously we have: a, = a, = a, 
and xz = 4 a (cos 2 0, + cos 2 0,), у = a (sin 2 0, + sin 2 fj) 


et y = ай сов? (0, — 0). 
а — а? — 4f = а^ віп? (0, — б.) 


Also, 
y — sin 20, + sin 20, _ , Ө 0 
v cos 2 0, + cos 9 0, ang 
1 y 2 
ze aa n (0, cb 
1 + E ar Е ( 1 2) 
y 
| а^ ay sm (0 + 0.) _ [s + tan my 
"+ yy) (а — аё — y) віп? (0, — 0.) Мап 0, — tan O, 


5 2 
rii oY e 
a curve of the fourth degree which is symmetrical about both 
x and y, of which the upper half is to be used in case of eon- 
densers, and the lower half for self-induectance resistances. 
Equation (21) includes both cases. 

The general case in Fig. 13 is specially suited to treat variable 
frequency, for Z remains unchanged by variation of frequency. 
It will be unnecessary to more than mention in passing the case 
in which one of the resistances is very small, and the locus is 
then confined to a narrow band along the semi-circle О T Q. 


2 (a? + y) (a? Е Y) = ( 
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7. Resuming the case of a condenser in the first branch and 
self-induction in the second, construct the loci which make the 
ratio of the curvilinear co-ordinates constant, i. e., 


tan(, AR, 
{ап б, LR, wv 


In Fig. 14 take F = 4. for example, then BF / BD = 4 
and the construction proceeds as in Fig. 13 except in this that 
В F and В D being opposite in sign lie on opposite sides of 
О Q. The loci for various values of /” appear оп Fig. 14, 
As before stated, the process of constructing by points 
is much facilitated by using paper ruled in squares. Each 
of these loci extends from О, where the frequency is infin- 
ite, to Q where it is zero, and the current / — O P may conse- 
quently have any value between zero and «, + а, foreach value of 
F, while / has in general no other maximum or minimum values. 
But each locus is tangent at one point to the edge of junction Zj 
T Р» and passes at that point from one leaf to the other, so that 
the envelope of the loci, as /’ varies from infinity to zero, is the 
semi-circle of radius + 3 (a, — a) and center С. 

It may be proven by steps like those previously given that 
in case F P! = 1 (so that Fand Z” are numerically reciprocal), 
these loci are equal right and left curves symmetrically disposed 
about S 7. "Thus the loci are separated into two sets aecording 
as /"is greater or less than unity. 

The locus for / = 1 is its own reciprocal and consequently its 
right and left half are alike. It is in fact a semi-ellipse О T Q 
as may readily be proved. For, in this case 4, = 0., and taking 
the origin at C we have by using the same notation as previously 


“t+ $ (e + a) = у + 4, = (a, + &) eos 0 
y = у, — Yo = (а, — а.) ein б, cos 0, 
ne = } (a + a) cos 0,, y+ 4 (a, — a) sin 2 0, 


= F, say (22) 


| x E _ " 
(а + asy as (a, — а) : ma 
This ellipse is tangent at 7'to the semi-circle of center C and 
radius + 4 (а, — a), while all those loci for which F > 1 are 
tangent to it between Æ, and 7, and all those for which F < 1 
between / and 7. The apparent intersections of the loci of the 
two sets within the area © / T Æ, are double points situated in 
different leaves. 
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For each value of F > 1 there is in general a value of Z be- 
tween 4 (a, — a) and (a, + a) at which the lead is a maximum 
and for each value of F < 1, а maximum lag between the same 
limits, which are to be located by drawing tangents to the loci 
through О. 

There аге also maximum wattless currents to be located by 
drawing horizontal tangents to the loci. There is also for each 
locus a current / in consonance with Æ determined by the point 
where it crosses О Q, viz: J < а, in саве # > 1, and J > a, in 
case F < 1. 

In the special саке of X, = X, the circular envelope reduces 
to the point C through which each locus passes. In this case the 
loci all fall within two circles whose diameters are C’ О and C Q, 
and the locus for any given value of /’ consists of two parts 
which are exactly alike (one in each circle, and situated opposite 
to each other. Thus the pair of loci for any given value of F 
and its numerical reciprocal form a figure », whose equation is 
found as follows:—Since in this ease @, = a, = a as before. 


5 (cos 2 4, + cos 2 0) 


Ф 


> 


= (sin 2 0, — sin 2 A.) 


^. a? -- у? = а? cos? (0, + 0,) 
а? — а? — y! = а? віп? (0, + 0) 


also 
y nos cc wn ао 
zx cos 2 0, + cos 2 0, ш | 
2 
x 2 = sin? (0, — 0.) 


| (à — e — y) (+7) sim (0.4 4) _ (= 0, 4- a 
| ay’ sin? (0, — 0.) — Man 0, — tan 0, 


меер +) = (уау ev 


which is evidently symmetrical about both the axes of « and y, 
and ів the same for reciprocal values of F. It is not thought 
necessary to show a figure for this case. It will be noticed that 
equations (21) and (24) are essentially the same, provided Æ may 
have any values from positive to negative infinity. Were @, and 
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0, to be always reckoned positive for lead and negative for lag or 
vice versa, then 7 would have this range of values. It has been 
restricted thus far in this paper to positive values by our conven- 
tions of lead and lag. These equations reduce to a circle of radius 
a in case 7" = 1, and to two circles tangent to C Sat C in case F 
is zero or infinity. 

8. Consider next the more general ease in which each branch 
contains an ohmic resistance, a self-inductive resistance and a 


condenser, but no mutual induction. Then using notation like 
that before employed we have the known equations.: 


{ /, E > 
tan 0, — e — Po i= Re, cos б, (25) 
¢ L e E 
tan 0, = i — dé y AI Р, сов 0, (26) 


in which 6, and 0, are angles of lead or lag according as they are 
positive or negative ; and they may evidently either of them be 
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made to assume any value between + 90° and — 90° (while Æ, 
and Zi, remain constant), either by suitably varying the frequency 
or the other constants of the branches. 

Since /, and /, vary in this case as the cosines of 0, and 0, as 
also in equations (2) and (4), it is evident that the loci for con- 
stant values of tan б, or tan 0, are circular ares as inFigs. 4 and 
5; but from the fact that the ranges of 0, and 0, no longer lie 
between 0 and 90? but between -++ 90? and — 90° instead, it ap- 


pears that the loci are no longer semi-circles merely as in Figs. 4 
and 5, but each includes in this case an entire cireumference, one- 
half of which lies in each leaf. 

In Figs. 15 and 16 these leaves have been for convenience and 
clearness drawn separately, and it is evident that every point P. 
(the extremity of the vector Z = O P) lies within the area in- 
cluded between the two circumferences whose diameters are 
Е E and О Q. On this two-leaved surface each circle of one 
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set has one intersection with each circle of the other set on each 
leaf, and the two leaves are united along the exterior and interior 
cireumferences forming a flat ring with two faces. 

The positions of the various loci may be most conveniently 
designated by the angular positions of their centers with refer- 
ence to the line © Q. For example, in Fig. 15, let Q C C! = 
Q C, P, = 4, then we have from the figure 


si 809 TEN h ) sin /, _ 

tan 0 = “(180 — f) _ вап . unid ә 

' 1 — eos (180° — 4^) 1 + cos (^ 2 i1 ( () 
А рУ, 0, == dà, 

Similarly in Fig. 16, 2 0, = ^. 


These equations enable us to compute with ease the numerical 
values of the co-ordinates on the cireumference of a circle in any 
given position d^, or gh. 

The peculiarities and properties of these loci for constant val- 
ues of tan 4, and tan 4, have most of them been detailed at such 
length in connection with Figs. 4 and 5 as to render repetition 
unnecessary. Attention should, however, be called to the fact 
that in ease 4, = (s, then tan 8, = tan H, which shows itself 
upon the figures in this way : Construct the two cireular loci one 
of each set whose diameters coincide, 2. e., f, = dy. They are 
tangent to the outer edge at the same point and both have the 
game numerical value. 

Again, at every point / of the ring surface except at either of 
the edges of junetion there are two distinct ways of producing 
the current / = € P’, and one of these cannot be gradually 
changed into the other except by varying the frequency or other 
constants of the branches so as to make /? travel to the inner or 
outer edge and back again. 

The loci for successive values of ^, and 4^, differing by 45° are 
represented upon Figs. 15 and 16. 

9. In continuing the consideration of the general case, ex- 
pressed by eqs., (25) and (26), let G? designate the product of the 
co-ordinates, as was done previously, 7. e. tan 0, tan 0, = (2°. 
Then the loci for various constant values of G will be those al- 
ready discussed, but by reason of the doubling of range of 0, and 
0,the loci will combine together the various separate results 
previously discussed, as shown in Figs. 17 and 15, where the two 
leaves are shown separately. In these figures, angles of lead are 
taken as positive, and lag as negative, giving as a result negative 
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products whenever a lead and a lag are combined. For al| 
negative values of G°, t. e. — x < (r? < 0), the loci lie іп а single 
leaf and join the points Æ, and Æ, of the same leaf, as in Fig. 9. 
But for all positive values of G°, 2. е. 0. < (7? < o the loci join 
£F, of one leaf to Æ, of the other leaf as in Fig. 11. 


The manner in which these loci succeed one another is clear 
from Figs. 17 and 15, from which it appears that the values of 
G along the cireumference 0 7' Q are all positive, being infinity 
at О, unity at T, and zero at Q, while (7° = — 1 along the entire 
circumference / £F. 


Since lead and lag enter the construction in precisely the same 
manner, the locus in one leaf for a given value of @ is the re- 


flection in О Q of the locus for the same value of (7 in the other 
leaf. Thus Fig. 17 ів а reflection іп О Q of Fig. 18. It has 
also been shown before, that the loci for reciprocal values of (7 
are reflections of one another in 7 7. These last reflections are 
in different leaves. By the time a locus has suffered reflections 
successively in О Q and T T it has been restored to the leaf 
from which it started and has been revolved 180° about the 
center of the leaves. Hence, if from any point /? we draw 
a line P С and prolong it to 7" во that C P = С 2", then 


for these two points we have (7 G' = 1. 
10. In like manner consider the loci in which the quotient 
tan Ө, tan / 0, = F assumes various constant values in the 


general case of eqs. (25) and (26). 
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These will consist of combinations of the special cases of 
Figs. 13 and 14 as shown in separate leaves in Figs. 19 and 
20 where the blank spaces may be thought of as filled in with 
loei for successive values of / from Figs. 13 and 14, due re- 
gard being had to their signs. Æ = + 1 for the entire cir- 
cumference O Q, but F is negative along A S h; — = at 
E, — 1 at S, and Oat А. 

The same statements respecting reflections etc. are true of the 
F — loci as of the G — loci, hence if CP = C P'and P СГ! 
is a straight line, then F 7" = 1. | 

11. In further continuation of the general case in eqs. (25) 
and (26), it is now proposed to develop the general graphical 


process for constructing the locusgof the extremity P of the 
vector J = О P representing the total current in case the 
frequency alone is variable. 
In eq. (25) let the subseript 1 designate magnitudes in the first 
branch : viz, let 
tan 6, = P , and tan 0, = Hu 
.'. tan 0, = tan 0, — tan 0,” 

and let, 
Р 

A ' 


tan 0, tan 0," = 
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Also let, 
tan 0, = (7, tan q,', and tan 0," = G,tan o," 
^. tang, tang,’ = 1, gy + 9," = 90°. 
In like manner let magnitudes in the second branch be desig- 


nated by the subscript 2 
Now in Fig. 21 take any convenient distances В Fand B О, 


and let В 0, F = 4’, 
then, 


_ A, BF 

2, о BO, 
Whatever may be the values of the constants A, and A, in 

this branch, and whatever distances 4 Fand B O, may have 

been assumed, a value of о which corresponds to them, can Бе 

found from eq. (28) if need be. 

Next, lay off 


tan 0 (28) 


BA,-6,B0, 
e tan В = BU 6G, А i = G, tan g, 
“БА F= og, 
Make /' A, D, = 90°, then B A, D, = Q,” 
~. B О, D, = 0,” and tan h, = P 2 
.'. tan 0, = tan 0,^ — tan 0," = B wo 
: Lay off 
BH-BF—BD, - tant, = P адд, = BO, H. 
1 
Again, lay off В 0, such that 
um Жей 
| E : BO, 


апа in this proportion substitute the value of 2 О, from eq. 


(2%), 


"h^ tan 0, = 


BE, _ BF 
Ryo ВО, 


(29) 


Complete the construction for this branch as in the first branch 


and we find 


= BO, Е, 0,” = BO, Vy 8, = BO Il 
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In Fig. 21, the constants were so assumed that G, = 4 and С, 
= 2; 
We have thus found 0, and @,, the angles of lead (or lag) of the 
components 7, and /, for some unknown value of w, which could 


be readily computed from eq. (28) or (29), if desired for any 
purpose. Having thus found the relative positions of O,, O,. А,, 


Wn /3 
X225 K= 520 
TEE Ду = ^J 1, 
б» 64-2 
Dr: 4 to s /$. 
BO2/2 BogelS 
246 BA = 3 


32-2 BD,:- % 
Ззж:-5 ЭХ. 4 


Fic. 21. 


A,, the point 7 may be moved to successive positions on the 
vertical through Z. Each successive position of Z” will give val- 
ues of 7, and 0, which correspond to some one frequency, and 
thus completely determine the components /, and Z, of the total 


current /, for that undetermined frequency. 
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The construction just given is one of two alternative con- 
structions, for it would have been equally possible to assume at 
the start any two distances B О, and В D on the vertical below 
B and then let 


tan 9," = 2 


and 


TIS X2 
denn. fpe 
&*A 


i Fic. 22 
R R 
B B л. 252 
CR T 
L, w BD 
г. tan 0” = 22 2 
i R, BO, 


Then completing the construction in a manner similar to that 
just given find two points F; and 7, from which. //,;and H, 
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could be found. Successive positions of D would in this case 
thus serve to determine corresponding values of 0, and 0, pre- 
cisely as they were determined in the previous construction by 
successive positions of /. It may often be more expeditious to 
compute numerical values of tan 0, and tan 0, directly from eqs. 
(25) and (26) by assuming various euccessive values of 
w, and then, if the locus of P be constructed on cross-section 
paper, 0, and 4, can be laid off with facility, since tan 0, and tan 
6, are ratios such as can be read off at once on squared paper. 


In Fig. 21 the numerical values assumed are: 


A. = 25, K, = 520. 
LL, = 0:25 Ec. 13 
R, = 5. PET T3. 
В F = 4, and w = 15, consequently we have: 
С, = 0.5 G,— 2. 
В О, = 12. В О, = 1.5 
В А, = 6. В А, = 3. 
В Р, = — 9. В Р, = —2.25 
BH, = — 8. В H,— 1.75 
tan 0, = | | tan 0, — 8 
tan 9," = 2 | tan 0," — 3 
tan 0,—1—2— — 4 tan 0, = 8 — 3 = { 


These values are arrived at either by construction as in Fig. 21 
or by computation. Probably in most cases computation will be 
the more convenient ; but when the values of the co-ordinates a 

= tan 0, and f = tan 0, of a point P corresponding to some 

‘known or unknown value of w have been thus found they can be 
at once used as in Fig. 22 for plotting the point 7^ of the locus 
for G, = } and G, = 2. 

Numerical values from which the curves in Fig. 22 were 
plotted, are given in the following tables of values of 


TT А — Г о 3 А, — L, о? 
Ro 7 ' Row’ 

f= VA, ЛА, С, VAL 

) i рр 


N, tu 
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VALUES OF G, AND а, IN CASE R, = 5 AND A, / Г, = 100. 


A, = 12.6 25. 50 100 200 | 18.75 | 37-5 75 150. 300. 
L,= 0.125 о. 25 0.5 | 1. _ 2. 1875. 0.375 | 0.75 15 3. 
———— a - — | —— — —— == D 
С; = | 0.25 | ©.5 ЭЭ Ж ЖОС ЭЕ ee ! 9.375] 0.75 1.6 .3- | 6. 
o —ij| z47! 495| 99 | 19-8 | 39.6 | 3.78 7.45 | 14.9 | 29.7 | 59.4 
4 0.$2 | 3.05 2.1 4.2 8.4 | 0.79 1 1.57 3.15 6.3 12.6 
si 0.37 | 0.75 1.5 3. | 6. 0.66; 1.12 2.25 4.5 9. 
6, 0.26 0.53 1.06 2.13 4.26%); 0.4 | o.8 1.59 3.18 6.36 
7 0.19 | 0.37 0.75 1.61 3. о. 28 | o. 56 1. 12 2.25 4.5 
8 о.ї | 0.22 0.45 о.9 1.8 0.17 ©. 34 o 68 1.35 2.7 
9 0.05 o.t 0.21 0.42 c.84 0.08 0.16 0.32 0.63 1.26 
10 o o. о. о. | о. о. | o. o. o. i o. 
11117 0.0§ |— 0.09 |— o. 18 |— 0.36 = 0.72 |:— с.оў |— 0.14 е о.27 — 0.54 |— t.o8 
12|— 0.09 | — 0.18 — 0.36 — 0.73 ,— 1.47 ,— 0.14 | - 0.27 '— 0.54 |— 1.08 |— 2.16 
13 |— 0.13 '— 0.27 — 0.53 [= 1.06 i— 4.12 ;— 0.2 |– 0.4 ,— o.8 |— 1.59 |— 3.18 
14||— 0.17 |— 0.34 |— 0.69 '— 1.32 |— 2.74 |— 0.26 |— 0.52 — 1.04 |— 3.07 |— 4.14 
15!'|— 0.2t ,— 0.42 |— 0.83 |— 1.67 Z 3.33 |— 0.31 |— 0.62 — 1.25 |— 2.5 |— S. 
16,|— o 24 = 0,48 |— 0.97 = 1.95 — 39 |— 9.37 |— 9.73 — 1.46 |— 2.91 i— 5.82 
17 — 0.28 = 2289 — 1.11! '— 2.22 les $us — 0.42 |— 0.83 — oe - 3.33 |— pe 
18 |— 0.31 '— 0.62 |— 1.25 — 2.49 — 4.98 |— 0.47 |— 0.94 — 1.8? |— 3.74 | — 7.4 
19. |— 0.34 — 0.68 |— 1.37 |^ 2-75 Z 3:5 = EA — 1.03 — 2.06 p 4.:2 |— 8.24 
201! — 0.37 |— 0.75 — 13.8 — 3. — 6. (— 0.56 |— 1.12 — 2.25 — 4.5 |— 9. 
25'|— 0.52 |— 1.05 i—— 2.1 |— 4.2 — 8.4. |—К 0.79 |— 1.37 — 3.15 nm 6.3 |—12.6 
39; — 0.87 |— 1.75 e 2.6 — 5; I—10. — 0.94 |— 1.88 — 3.75 !— 7.5 |—15. 
40 | — 9.94 |— 1.87 |— 3.75 |— 7.5 | 15. — 1.41 |— 2.81 .— 5.62 |—11.28 |—22.5 
6ojl-— 1.45 |— 2.9 |— 5.8 1— 11.6 —23.3 |— 2 63 |— 4.35 — 8.7 |—17.4 |—34.8 
Во |— 2 — 4. — 8. — 16. |—32. 3s — 6. [13 —24 —48 
100||— 2.47 |— 4.95 |— 9.9 |— 19.8 |—39.6 i= 3.73 |— 7-45 114-9 o9 |—39-4 


Аз = 65. 130 2.60 520 1040 97.5 195. 390. 780. 1560 
La = . 1625 0.3125 |. 0.65 í 1.3 _2.6 24375 _ ‚4875 0975 | 1.95 | 39 
= е ТОРЕС err = ==> Ey eu Cos 
G4 = 0.25 0.5 t | 2. 4 90.3175! 0.75 1.5 | 3. 6. 
© = 1 4.99 9.97 | 14.95 39.9 | 79-8 | 748 ! 14.96 | 29.92 | 5985 |1197 
4 1.2 2.4 4.8 9.6 19.2 1.8 36 7.2 14.4 28.8 
$ 9.94 , 1.87 3-75 7.5 15. 14 2.81 5.62 11.25 22.5 
6 2 , 1.39 2.78 5.55 II.I 1.05 209 4.17 8.34 16 68 
7] 0.63: 1.25 2.5 5. 10. о 94 1 87 3-75 7.5 15. 
8 0.53 1.05 2.1 4.3 8.4 | 079 | 157 3.15 6.3 12.6 
sl 0-45 о.9 1.8 3.6 ч | 908 1.35 2.7 5.4 10 8 
10 0.3 0.75 1.5 3. e Uh. Q5 1.12 2.25 45 9. 
II: 0.34 е.68 1.27 2.55 | 5.01 | о.48 о 95 1.9 3.8 7.62 
12] 0.27 0.53 1.07 2.15 4.3 0.4 о 8 1 6 3.21 6.42 
13| 0.22 0.44 o.88 1.772 | 3:55 |; 0.3 0.61 I 21 2.43 4 86 
14! o. 18 o. 36 0.73 1.46 2.92 o 28 0.55 Ж у, 2.19 4-38 
15 0.15 0.29 0.58 1.16. 2.33 | 0.22 0.44 0.87 1.74 3.48 
16 o.r 0.22 6.45 | oQ | 1.8 | 0.16 0.31 0.62 1.25 1.5 
17 o.08 0.16 0.32 o.65 1.3 | 0.12 0.24 0.48 · 0.96 1.92 
18 0.05 o.t 0.21 0.42 | 0.84 1 0.8 0.15 0.31 c.63 1.26 
19 0.03 0.05 С.І о.2 0.4! | 0.04 0.07 0.15 0.3 c.6 
20! о о. о. о. о. o, о о. | о о. 
25||— о.11 |— 0.22 |— 0.45 — 0.9 — 1.8 |— олу —0.34 |— о 67 |— І 35 |— 2.7 
30:|— о.21 |— о.41 !— 0.83 I- 1.67 — 3.33 | — 0.32 — 063 |— 1.24 |— 2.49 |— 4.98 
401|— 0.38 |— 0.73 |— 1.5 ,— 3. — 6. — о.б |— 1.37 |— 2.75 |— 45 1—9. 
бо |— 0.66 |— 1.32 i—- 3.65 |- 5.3 10 6 | —0o99 |— 19) [— 3.97 [— 7.95 |—159 
80!|— 0.94 |— 1.87 |— 3.75 дё 7.5 —1 1 — L4 |— 2.81 |— 5.62 |—11.25 |—22.5 
тоо|— r.2 |— 2.4 |— 4.8 p 9.6 ,—19.2 = 1.8 j— 36 -72 |—14.4 |-28.8 


It is evident that multiplying both A, and Z, by any given 
number also multiplies aand G, by that number. The two 
halves of each table have been computed for values of A and Z 
such that in each succeeding column their values are twice those 
of the preceding column, hence the values of a ( and 3 ) follow 
the same law. So that after one column of either table has 
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been computed the others are simple multiples of it. Additional 
columns may readily be made. The coordinates given in these 
tables suthce for plotting many loci. Of these a few have been 
selected for consideration. G, = 2 has been assumed for all of the 
loci in Fig. 22 and more or less complete loci have been plotted 
for values of (7, = 4, 4, 1,2, 4, and 8. 

Numbers placed at various points along these loci designate 
the values of о at those points. 

Let us continue the consideration of the locus G, = 3, Є, = 2. 

It is very nearly circular until near P, (о = 15) d. e. at. fre- 


quencies below that the current through the branch 2 is compar- 
atively small, but after that, 7, rapidly xssumes a much greater 
relative importance and во the locus makes a wide detour from 
its previous course until at about о = 26, а = 3, and both com- 
ponents having the same lag the locus reaches the cireumference 
of the circle of junction O Q, becomes tangent to it and passes 
into the other leaf. Itceontinues near the circumference О Q 
until о becomes infinite at O. 


The frequency at which the locus becomes tangent to О Q is 
to be found from the equation 


A,—/l,of A,— Lo? 


a = 244 R = " 
Ay ^ 
©. оу = rE (30) 
Rh, des 
From (20) we find for this locus w = T00, .. w, = 26.45. 


Since frequency must be positive it appears that a given locus 
never has more than one point of tahgeney with the circle О Q 
other than €. Following is a table of values of с> for various 
relative values of ©, and G, for the two branches under consid: 
eration. It isevident that multiplying A, Ay. Z and Z, in (30) 
by any given number, as # will multiply both С, апа 6, by that 
number but will leave « unchanged. This finds expression in 
the table in the fact that the values of с are the same in any 
diagonal sloping downward to the right. 
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Values of « in equation (30) for R, = 5 and A, = 


Су = m 2 m 4m 8 "n 16 уи 32m 64 we | 128 m | 256 m | 512 m 
Са = m|— 200 o 57 8o 90.3 95 2 97 6 98 8 99.4 99.7 

2 » T o — 200 o 57 80 90.3 952 97 6 98.8 99-4 

4 "| 700 |+ o — 200 о 57 80 90.3 95.2 97.6 98.8 

8 | soo yoo |+ œ — 200 o 57 80 90.3 95.2 97.6 

16 "| 443 $00 700 |* o -— 200 o 52 8o 90.3 95.2 

32 m| 420 443 500 70 |F œ — 200 o 57 80 90.3 
64 m) 410 422 443 500 Joo |+ œ — 200 o 57 8o 
128 т] 405 410 420 443 $co goo |+ œ — 200 o 57 
256 "| 402 405 410 420 443 500 70 |+ œ — 200 о 
$12 м 40: | 402 405 410 420 443 500 700 |+ œ — 200 

i 


The value of «wj? for the principal diagonal of the table may be 
expressed more simply, since then 


*. by comparison of proportions, 


AK, A; К, К, 
RoRo fh HRS оз 
LL LL ^" “ 
Р, 1 Ёё, Г» 


Let wo, and wx be values of w on two diagonals at equal 
distances from the principal diagonal of the table and let Aj, Z, 
A, La designate the values these quantities have in the first 
square of the diagonal then their values in the mth square of the 
top line are 2° K, 2° Z,, Kn L, and in the nth square of the 
first column А, L, 2° А, 2" L; hence 


PE OK K 2 К, 
(uu = fy fi Wn == pol 2, 
"7&BQECOL "Cp 
Р, Р, Р, R, 

n 1 ? : A, К, 

= (z - 9 dere Um. 


и з е0 
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Hence by composition of proportions in equation (31) we have 
Wy Oy = соу 

i. e. the product of two tabular numbers equidistant from the 

principal diagonal is equal to the square of a number in that di- 

agonal. 

Furthermore the tabular numbers increase above that diagonal 
and decrease below it, to definite limits ; for, considering numbers 
near the right hand end of the upper line in the table as com- 
puted bv eq. (30), it will be noticed that the first terms of the 
numerator and denominator аге во large compared with the last 
terms that the value of w, approaches the limit X, / Z,, obtained 
by neglecting the last terms. That limit in the present example 
ік 100. But if numbers near the bottom of the first column of 
the table be eonsidered, the last terms of the numerator and de- 
nominator of eq. (30) are large and the limit in this ease is 
W, / La or 400 in the present example. 

For frequencies between the limiting values -w = A / L, and 
wy = А, / Г, these loci have no points of tangency on О Q. In 
our example no locus is tangent to O @ between the frequencies 
w = 10 and w = 20. 

It will be noticed also that in this table w is negative and «v, 
is consequently imaginary in case G, = G, and generally in this 
> 
< 
tween these relative values of (7, and 6, have no points of tan- 
gency with O Q. 

It is then evident that certain of the loci have points of tan- 
gency with 0 Q outside definite limits, while others have no 
such points of tangency any where. 

Again, let F = tan 0, / tan 0, 

spa 05 h o) Ry _ (K, v — Ly В, 

(A, — L; w^) Г, (A, / œ — Lj) Г, 

It is evident that for small values of w the value of F is approx- 
imately 


table unless either ©, 2 2 Gor G, 7 2 G,, i. e, loci lying be- 


(32) 


_ К, „‚ К, 
ORA OR, 
hence any locus in which w alone is variable approximates near 
(where w is small) to the locus represented by equation (33), 
a locus which has been fully treated in connection with Fig. 13. 
That part of any locus in which о alone varies, which is near (, 


lies therefore between the upper semicircles.on the diameters 
O Qand O E. 


F (33) 
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Likewise for large values of о, in case w alone varies, the lo- 
cus approximates to that represented by the equation 


4, 2 Ly 
which near О lies between the lower semi-circles оп 0 Q and. 
О Е. Whether the locus starts out from O in the first leaf or 
not, depends upon the value of F”. In саве / > 1, 4. e., 

А. А, 


R? р, 


y E (34) 


then the first portion of the locus, where « is small, lies in the 
first leaf, but in саве 7/" < 1 it lies in the second leaf, as was 
shown in connection with Figs. 19 and 20. 

Again, in саве F” > 1, 2. e, ` 

Г, L, 
п? R, 

the locus terminates at О (for large values of w) in such a man- 
ner that the last portion of it lies in the second leaf; but in case 
F” < 1itliesin the first leaf. In our case of G, = 4 and 
G, = 9, F' = {апа F” = 4. This locus, therefore, starts in 
the second leaf at w = 0, and passes from the second to the first 
leaf at w = 26.45 and terminates at о = œ in the first leaf. 

The most remarkable and iinportant property of the locus G, 
= $, G = 2 for practical applications is this: for frequencies in 
the wide interval from w = 10 їо w = 20 the working current 
varies only a few per cent. with a minimum near w = 15 and 
maxima near 11 and 19. The total effect then of this split 
circuit as compared with the simple circuit , A, / is to permit 
in the interval 10 < о < 20, a somewhat greater working cur- 
rent to flow than 7 = O F which would have flowed in the first 
branch at w = 10, but the current is so modified as to have a 
stable minimum at w = 15 instead of the unstable maximum аё. 
w = 10in the single circuit. The possible modifications which 
can be introduced by simple branching suitably designed to ef- 
fect automatic regulation of various kinds seems to the author to 
be a field in alternating current engineering likely to be of great 
importance to the inventor. Such a device introduced for in- 
stance into an alternating circuit would quite do away with the 
necessity for any very close regulation of speed by the governor. 
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Next consider the locus in ease G, = 2 and €, = 2 as shown 
in Fig. 22. The locus starts in the second leaf, for by equation 
(33) F < 1; but it has no point of tangency with the circle on 
О Q for w < 0 and о, is imaginary. 

Dy equation (24) F” > 1, hence it also terminates at 0 in the 
second leaf. 

But besides this it has points of contact with the inner edge of 
the leaf on the circumference Æ, Æ. As shown in connection 
with Figs. 17 and 18, the numerical value of a 8 = G? = 1, at 
all points of this circumference an / £j Hence to find such 
points of tangency we have the equations 


(A == Ге?) л жаш (07 ym im 
OR Ro mE j 


or 
tan 0, tau 0, = — 1 


or 


0, — (), = + 90° 
op al d A б M (F+ А Ri гү QA AY) 
E L S 14 Urs T-T) Ll 
(35) 


Designate these roots as w? and о; ; their values are given in 


the aecompanping tables in which imaginary values are desig- 


nated by 7. 


Values of ог and wy., equation (35). 


су = 0.25 0.5 t 2 4 8 
(15 = 0.25 n i Ш П г 200 
200 
0.5 i n i i 200 122 
200 328 
1 1 1 ? 200 122 Ito 
2:0 328 364 
2 Т ї 200 122 110 104.5 
200 328 364 383 
4 А 2‹ 122 то 104 5 102.1 
200 328 394 383 191 6 
8 200 122 110 104 5 102.1 огт 


200 328 354 383 391.6 395 8 
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Су = 0.375 0.75 1.5 3 6 12 
Gq = .375 і i ѓ i 158 119 
253 337 
0.75 i D z 158 119 108 
253 37 379 
1.5 i 1 158 119 8 104 
253 337 379 385 
3 i 158 119 108 104 102 
253 337 370 385 3ya 
6 158 119 108 104 toa | 101 
253 337 370 385 392 396 
12 119 1c8 104 102 то! 100.5 
337 370 385 392 396 398. 
Since 
> » 
w? ws. = Ay A, 
1 >. 
ee 


we have w? wp = 40,000 throughout this table. All values of 
w, and со, lie between 10 and 20, and whenever w, is real с, is 
also real, or in other words, whenever a locus has one point of 
tangency with the inner edge, it also has a second such point, 
though it is possible for the two points to come together, in which 
ease the locus will have a point of double contaet with the inner 
edge. 

On the locus ©, = G, = 2, œ, = 11, + and o, = 18. +. 
At the first of these points the locus passes from the second leaf 
to tlie first, and at the other point it returns to the second leaf, 
on which it remains for all values of w greater than 18. +. 

Consider also the locus (7, = 2, ©, = 8. In this ease 7" > 1 
and F” > 1. Hence the locus begins in the first leaf and ends 
in the second. It passes at 


w, = 57. + = 7.5 
from the first leaf to the second. It also intersects both the pre- 
vious loci and all other loci for which G, = 2 at w = 10 and 
passes again upon the first leaf from 


w, = 4104.5 = 10.9 + tow, = $388 = 19.6 +. 


The striking peculiarity of both these loci is a strongly marked 
minimum working current, such that a far greater power must 
be exerted to make the frequency much greater or less than that 
corresponding to this minimum. Such a split current constitutes 
an effective autoinatic speed regulator. 
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Part of the locus (7, = 2, (7, = 1 has been constructed. It is 
interesting from the fact that о = + © and 


ш = о, = ¥200 = 14. +. 


It therefore has a double contact with the outer edge at O and 
with the inner edge w = 14. +. 

Part of the locus (7, = 2, G, = + is also shown. The por- 
tions of these last loci not drawn above the upper semi-circle 
О Е, lie intermediate between those already plotted. 

Plotting loci for successive values of (7, is facilitated by draw- 
ing auxiliary loci for successive constant values of о. These 
auxiliary loci are circles like those in Figs. 15 and 16, as is evi- 
dent from equations (25) and (26.) Forassuming А>, Z,, Јо, and 
о as given, G, and 3 are known constants, but with A, and Z, 
variable, С, and и are also variable. As shown in connection 
with Figs. 15 and 16, the auxiliary loci for 3 constant and а vari- 
able are circles whose centers lie on the circle of diameter С, C,’. 
Parts of these circles have been drawn on Fig. 22 for values of 
w = 15, 20, 25, 30. 


Discussion. 


Dr. A. E. Kennetty :— This paper is devoted to a subject 
which at the present time has but little practical interest, since 
it deals with the effects of alternating currents of different or of 
variable frequencies; whereas, if we omit telephony, the fre- 
quencies which are employed in commercial practice are de- 
signed to be uniform and only vary within a small percentage, 
owing to the variations of the speed of the alternators. Never- 
theless, a number of the propositions which are pointed out, are 
of considerable theoretical interest, and we know how often it 
happens that a subject which is obscure and of little practical 
importance at one time may develop into considerable practical 
„ле at & subsequent period. 

"he paper very amply illustrates the fact that the key to the 
simplest analysis of alternating currents, lies in the use of 
graphieal methods. 


A paper presented at the 15th Gineral Meeting 
of the American Institute of Electrical En- 
gineers, Omaha, June 30th, 1598. President 
Kennelly in the Chatr. 


ALTERNATING CURRENT TRANSFORMERS—FROM 
THE STATION MANAGER’S VIEWPOINT. 


BY W. F. WHITE. 


In the early days of alternating central station development, 
many a sale of alternating central station equipment was lost to 
direct current competitors by the facts, figures and fancies 
which the salesman of direct current apparatus was able to 
advance concerning the wastefulness of energy, the expense of 
maintenance, and the danger to} life which purchasers must 
accept as inseparably wedded to any transformer system. 

Notwithstanding that the danger to life was unfortunately 
made much of, and the facts grossly misrepresented, still the 
correctness of many of those arguments, in the light of present 
knowledge, stand up remarkably well under the scrutiny of quali- 
tative analysis. And it is even more remarkable, in view of the 
natural tendency to exaggerate induced by zeal to make sales, 
how little, if any, were the facts of these evils overdrawn or 
magnitied. Quantitative analysis in fact proves that most figures 
then given to show the amount of transforiner “ leakages” were 
understated. On the part of salesmen this was undoubtedly 
more a mistake of the head than of the heart, for while some few 
of them knew the results of some isolated tests of sume particular 
size of one type or manufacture of transformer, no one, whether 
salesman, engineer and designer, or manufacturer, had any 
knowledge or conception of the cumulative effect of transformer 
losses on the station output. Such little knowledge as had then 
been acquired related more to the transformer ећсіепсу under 
certain percentages of rated load, than to all day efficiency, or the 
24-hour ratio of energy output to energy absorbed-under average 

conditions. 505 
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Little, if anything, was known of transformer core losses, and 
the effect of power factor on station and line capacities had not 
had consideration. As long ago as 1892 the writer, in making а 
careful examination into the operations of one of the then largest 
alternating stations in this countrv, made the discovery that with 
a net meter rate to consumers of about 20 cents per 1,000 watt 
hours, the income per к. w. hour output at the switchboard 
was only about six cents, showing an average loss from station 
switchboard to consumers’ meter of about 70 per cent. 


Current was supplied, in accordance with the then existing - 


universal practice, through one or more transformers for each 
customer. In two or three cases, for large installations, as many 
as 18 or 20 transformers were erected for a single customer, no 
. transformer of more than 75 lights eapacity being used; the 
transformer primaries connected in multiple, but the secondaries 
feeding entirely distinct and separate circuits. 

Of each 1,000 watt-hours output at the switchboard, it was 
estimated that approximately 300 watt-hours were delivered 
through the customers’ secondary meter, 600 watt-hours were 
accounted for by transformer core losses, leaving 100 watt-hours 
to be accounted for by transmission and other losses. 

А statement of these conclusions to a well-known manufac- 
turer, who supplied the wattmeters and many of the transform- 
ers, elicited the opinion that either the primary meters registered 
too fast or the secondary meters too slow. 

A meter expert from the factory accordingly spent several 
weeks in testing all primary and secondary meters, found them 
correct, and proved that the apparent discrepancy was not due 
to the meter end of the plant equipment. With the writer's 
recommendation that a three-wire secondary network be erected, 
using 100-volt lamps, and fed through large trausformers at fre- 
quent centers of distribution, the matter was dropped ; but there 
is no doubt that the proportion of the output attributed to trans- 
former losses was approximately correct. 

Since that time it has been the writers good fortune to be in 
touch with a considerable number of alternating plants, giving 
him knowledge of their operating results, and he does not 
hesitate to assert that very few plants exist, giving continuous 
service, using separate transformers for individual customers, 
and charging from twelve to twenty cents per 1,000 
watt hours, secondary meter measurement, whose income per 
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K. w. hour output at the switehboard exceeds from four cents to 
seven cents. In other words, the transmission, transforming and 
distribution losses are commonly as much as two hundred 
per cent. of the customers’ demand, as shown by the customers’ 
meters. This does not mean operating expeuses three times as 
great as if all these losses were eliminated, but it does mean that 
large expenditures are made for fuel and feed water for the 
keeping warm of numerous transformers operating about 20 
hours per day with open secondaries. And great numbers of 
small transformers also mean great variations of secondary 
voltage, large bills for lamp renewals, unsatisfactory service, and 
a reduced number of lamps which сап be served at any instant 
from a given generator capacity. То show the benefits to be 
derived by using a secondary network, fed by large transform- 
era working iu multiple, but located one at each feeding point 
or local center of distribution, as compared with the nse of small 
transformers, one or more to a customer, the writer presents 
some results accomplished bv an existing plant in remodeling ita 
transforiner system in accordance with these ideas. 

January Ist, 1895, this plant was serving 16,702 incandescent 
lamps (16 c. P. equivalent) through 547 transformers of 22,190 
lamps rated capacity, each transformer averaging 40.6 lamps 
capacity and serving 30.6 lamps. The transformer load, with 
open secondaries, was, as near as could be determined, about 80 
amperes at 1,000 volts. In view of the fact that the maximum 
load never exceeded 50 per cent. of the lamp capacity connected, 
it was evident that a very considerable reduction could be made 
both in the number of transformers connected, and in their 
aggregate capacity, by the use of a secondary network. The 
theoretical limit was to reduce the transformer capacity to equal 
the maximum load, which would lower the capacity connected 
from 22,190 lamps to about 7,000 lamps, a reduction of about 64 
per cent. This limit was evidently impossible of attainment 
because of the large number of isolated installations, especially 
in the residence districts, requiring individual transformers, 
which of necessity must generally be of capacity equal to several 
times the average load. A system of 3-wire secondary networks 
was laid out, and estimates made showing a possible reduction of 
almost 80 per cent. in the number, and of about 50 per cent. in 
the lamp capacity, of transformers connected. A large number of 
tests of core losses of all sizes of transformers-in service was 
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then made, for estimating the total core losses for the plant, and 
for comparisons with the estimated core losses of the large trans- 
formers to be ereeted in replacing the old. 


An illustration of one or two of these comparisons may be of 
interest. Опе installation of approximately 700 lamps was fed 
through a large bank of small transformers having an aggregate 
core loss of 4,440 watts, which could be replaced by two trans- 
formers having a combined estimated core loss of 310 watts. On 
the basis of the number of watt hours per pound of coal then 
being produced by the plant, not taking into aecount any line 
losses, this example shows the following results :-— 


4.440 watts, 38,894,400 watt-hours per year—requires 190.6 tons coal 
310  '' 2,715,600 “ S | x: 8.4 “ 


анши ————= oe 


Annual saving, 36,178,800 watt-hours 182.2 tons coal. 


The annual income from this installation was about $2,100.00, 
at twelve cents per 1,000 watt-hours. With à secondary output 
of about 17,800,000 watt-hours, and transformer core loss of 
about 38,894,400 watt-hours, the income per к. w. hour output 
at the switchboard for this installation was evidently less than 4 
cents, and the core losses were more than double the total sec- 
ondary output. 


In another case, one section of the city, comprising 10 city 
blocks, was fed by one dynamo and circuit through 71 trans- 
formers, having an aggregate rated capacity of 4,482 lights, and 
aggregate core losses of 10,402 watts (estimated), or 91,121,520 
watt hours per year. 


To replace these transformers, a 3-wire secondary network 
was erected, supplying all customers, and fed by five 400-light 
transformers, located at as many feeding points or local centers 
of distribution. Each transformer was provided. with primary 
and secondary switches, by means of which all transformers were 
thrown into service each night from dusk until midnight, at 
which latter hour four transformers were cut absolutely out of 
circuit. Оп а yearly average, five transformers were in circuit 
about six hours per day, and one transformer the remaining 18 
hours per day. The combined core losses of the five were about 
1,250 watts, and for the honrs in service aggregated about 
4,380,000 watt hours per year. Some results of the above 
changes on this one circuit therefore were as follows: 


OOO EEUU ees €———— — 2 


1898.) CURRENT TRANSFORMERS. 509 


nm ee анун 


А Total Total Annua! А - 
Number of Lights ee git Equivalent ‘Tons 
Transformers. Capacity. a ra Core tee Watt Coal. 
71 4,482 10,402 91,121,520 446.7 
5 2,000 1,250 4.380.000 21.5 
Saving. 2,482 9,152 86,741,520 425.2 


A reduction of over 95 per cent. in core losses, and a saving 
for one year in cost of fuel alone of $815.40 were effected for 
this one circuit. These examples were extremes, because the 
lighting covered by them was concentrated ; and because in. most 
residence and outlying business districts few changes in the 
number and capacity of transformers could be made. The results 
shown by the last example were therefore much above the aver- 
age for the whole plant, but serve to show the possibilities of 
such changes and the methods pursued in this case. 

Some resulta for the plant as à whole may therefore be fairly 
indicative of what other average plants operating under similar 
conditions may accomplish in the same direction, and were as 


follows: 
“a Lamps Transformers Total Average Average 
Time. Connected. | Connected. Capa ity. Lights Lights 
Capacity. Served. 
Jan 1, 1895. 16,702 547 22,190 40.6 30.6 
** 1, 1896. 19,282 201 13 865 69. 90.1 
“1, 1897. 20,262 152 13,498 88.8 133.3 
*" 1, 1898. 23,643 141 14.946 106. 167.7 
Switchboard Income per Increase of Income 
Year. Income. Output, к. м, к w. Hour рег к. w Hour 
H. urs. Output. Output. 
1894 $59.012.7: 928,4co $.0635 
1895 54,231.67 791,752 .0684 7.7 per cent. 
18,6 51,415.29 551,064 .0933 46.9 per cent. 


1897 56,317.42 508,070 .1108 74.5 per cent. 


e 
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Estimated Saving in 
Estimated к. w. Coal—:894 Basis. 
Hours saved by 


Estimated к. w. 


: Hours Output— 
Year. Actual K. w. р 


' Hours Output. ое Change. „з 
| Tons. Cost. 
1894 928.400 | 
1895 | 791.252 854,042 63 290 310.2 $670.91 
1896 | 551,064 809 689 258.625 | т.267 8 2,641.42 
| 1,856.9 4.015 43 


1897 | 508,070 886,888 378,818 


Ф au n PP 


It must be borne in mind that the number of 16 c. р. equi- 
valents connected Jan. 1, 1895, was 16,702, and increased by 
Jan. 1, 1893, to 23,643, or more than 41.5 percent. The savings 
estimated in last table are based on the conditions at the begin- 
ning of this period, ? e., the same number of transformers and 
the same transformer capacity. But if the same conditions had 
obtained throughout, an increase of 41.5 per cent., or 226 trans- 
formers, of 9,208 lights capacity, would have been added to 
supply the new lights connected. And while only a part of the 
core losses of the transformers in service Jan. 1, 1895, was saved 
by the ehange, the entire losses of the 22' transformers, which 
would have been required by increased business, were saved. It 
is therefore perfectly safe to add 50 per cent. to the savings 
shown in the last table, in estimating actual benefits. From 
reduced core losses alone. therefore, there is an annual saving 
of approximately $6,000.00. 


In core losses alone, the savings already effected have more 
than paid all costs of the entire ehange of lamps, meters 
and transformers (for because of a simultaneous change from 52 
volts to 106 volte, secondary, all lamps and meters also had to be 
ehanged), and of the erection of secondary network; and the 
annual saving of $6,000.00 is equal to 6 per cent. interest on 
$100,000.00, secured without one dollar invested. 

To be certain that the saving of fuel was in proportion to the 
reduction in к. w. hours output, as estimated, the plant effieieney 
under the changed conditions must be known. It is therefore 
pleasing to note that, using coal from the same mine most of the 
time, the watt hours output per pound of coal actually increased 
for 1896 by 3.8 per cent., and for 1897 by 5.9 per cent. over 
1895, so that the saving in fuel was at least not less than in pro- 
portion to the saving in к. w. hours output. 
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Some incidental advantages of the change may be mentioned. 

First. Under the old plan, the 6,941-lights added would have 
required about 9,200 lights additional transformer capacity, of 40 
lights average size, of $1.00 per light average cost, giving an in- 
vestment saving of $9,200.00. 

Second. The transformer load, with open secondaries, of 80 
amperes, was reduced, by the fali of 1897, to about 30 amperes, 
notwithstanding an increase of about 25 per cent. in the number 
of lights connected. A saving of 50 amperes at 1,000 volts 
represents a capacity to serve, without additional station or line 
equipment, approximately 1,000-16 c. r. equivalents, all burning 
at one time, or fullv 2,000-16 c. r. equivalents connected. 

Third. Formerly as many as a dozen transtormers were fre- 
quently burned out in a single thunderstorm. Ten per cent. of 
the transformers connected would be a conservative estimate of 
the number burned out each year from various causes. Of the 
new transformers connected during the past three years only one 
has failed from any cause, and that one was defective, and burned 
out under light load almost immediately upon being put in ser- 
vice. Transformer repaircostsare therefore practically eliminated. 

Fourth. Incandescent lamp renewals have been greatly re- 
duced. Using lamps from, the same factory, of the same efti- 
ciency, and bought at the same price per lamp, the cost (esti- 
mated) of renewals per к. w. hour consumed by the lamps has 
been reduced from &.6081 in 1895 to $.0057 in 1897, a reduc- 
tion of 29.6 per cent. This saving represents the advantage of 
regulating the secondary voltage by pressure wires connected to 
the secondary network, as compared with the former method of 
regulating the primary voltage by station transformers. 

Fifth. The principal remaining incidental advantage is the 
uniformity of voltage, bringing uniformity in quality of service 
and the consequent satisfaction of customers, the value of which 
cannot be estimated in dollars or per centages. These are some 
actual results, and such ав any plant operating under similar con- 
ditions can achieve at &mall expense, if the changes are well 
planned, and the replaced apparatus sold to the best advantage. 

In this connection, attention must be called to one other fact, 
which is, that central stations using separate transformers for 
individual customers have the great majority of their transform- 
ers working on open secondaries probably SO per cent. of the 
time. The best transformers have a power factor of about 50 
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with open secondaries, and of fully 99.9 with almost any load 
they carry in practice. It is therefore perfectly credible, and 
the writer has demonstrated it to be so by many actual tests on 
various plants, that the average power factor of plants operating 
under above specified conditions is approximately 65. 

It scarcely needs demonstration that if, instead, a secondary 
network is used, and only such transformers allowed to remain 
in circuit at periods of light load as are required to advanta- 
geously carry such load, the average power factor will be approxi- 
mately 100. The volt-ampere hours therefore, calculated from 
the station voltmeter and ammeter readings, give approximately 
the: watt-hours output. But almost all existing plants use sepa- 
rate transformers for individual customers, and the great majority 
of them do not have primary wattmeters on their switchboards, 
and do calculate their volt-ampere-hours output as equivalent to 
watt hours, getting results about 50 per cent. in excess of the 
facts. They therefore are able, apparently, to show 50 per cent. 
more watt-hours per pound of coal, and 334 per cent. less ex- 
pense per к. м. hour output than another station operating under 
the same conditions, and fully equalling theirs in aetual perform- 
ance, but which aecepts the primary meter readings as the basis 
of estimate. . 

As & matter of fact, the usual disparity is greater than 
the pereentages given, because most station managers in erecting 
primary switchboard meters, follow their aesthetic inclinations, 
and use ornamental glass covers which are particularly susceptible 
to the admission of dust and grit, with the result that the meters 
rapidly slow down. It is highly probable therefore that in some 
stations the volt-ampere-hour record would show twice the num- 
ber of apparent watt-hours per pound of coal, and one-half the 
expense per apparent x. w. hour output that would be shown by 
the record of the primary meter already erected on the switch- 
board, which tends only to show the worthlessness of data from 
different plants, for purposes of comparison, unless the local con- 
ditions are known in each case. | 

This digression is permissible, we hope, because the average 
power factor, so far as we know, has never been taken into ac- 
count, and because for that reason much misleading alternating 
central station data is in circulation. 

Purchasers and users of transformers should insist that trans- 
formers meet certain requirements, or be rejected, and some of 
these requirements will be stated. 
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Where transformers are used for feeding networks, the second- 
aries in multiple, small core losses are of much greater impor- 
tance than close regulation, and should be kept at the lowest 
practicable point. The regulation will be cared for by treating 
the transformer and feeder drop together, through the use of 
secondary pressure wires. 

Where the transformers are entirely independent, feeding 
separate secondaries, close regulation must be liad, and the core 
losses be made as low as the adopted regulation will permit. 
With constant full load the temperature must not rise to a high 
point, and should not exceed 50° centigrade above the swrround- 
ing air. This is important not only because of the increased life 
of trausformer insulation through low temperatures, but also, 
and possibly to a greater degree, because magnetic fatigue is a 
eertain follower of high core temperatures. If therefore the 
core losses might be increased 50 per cent. or possibly 100 per cent. 
through high temperatures, the cost of these core losses, as 
shown in case of the plant above, make argument unnecessary 
as to the desirability of having transformers run cool. 

The transformer ease should be filled with oil, because of its 
insulating qualities, its exclusion of air, and because of its assis- 
tance in maintaining the low temperature desired. 

The insulation resistance between the primary and secondary 
windings ehould be able to stand up under not less than 10,000 
volts alternating, difference of potential, for transformers having 
1,000-volt or 2,000-volt primaries, and the writer would strongly 
urge a 15,000-volt alternating, test. If both the primary and 
secondary windings are on the core, the same insulation resist- 
ance &hould be required between either winding and the core, as 
between the two windings. The use of grounded shields placed 
between the primary and the secondary windings, the grounding 
of the shell or core, the grounding of the secondaries, the plac- 
ing in each eustomer's service, connections of any device to auto- 
matically open the circuit of such customer in case of an unusual 
difference of potential, are all practices that are opposed as ex- 
pensive, as liable to cause, more than to prevent trouble, as com- 
plicating existing practice, and as wholly unnecessary. 

Proper insulation is sufficient protection against the damages 
sought to be avoided. Station managers as earnestly desire com- 
plete safety for life and property as the Underwriters’ Associa- 
tion, but vigorously oppose the introduction of any unnecessary 
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devices that are expensive to install and to maintain. That As- 
sociation, in seeking protection for the secondaries, should do go 
through sufficient transformer insulation and low temperatures. 
Both of these requirements mean increased cost of production 
and higher eelling prices, but as the consequent increased economy 
makes the increased cost a profitable investment, no reasonable 
manager will object. In this way the ends sought will be beet 
attained, and the interests of all parties duly safeguarded. 


Omaha, Neb., May 19, 1893. 


A Paper presented at the 15th General Meeting 
of the American Institute of Electrical En- 
gineers, Отада, June joth, 1898. Secretary 
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AIR-GAP AND CORE DISTRIBUTION. 


Тнк MacNETIC FLUX AND ITS EFFECT UPON THE REGULATION 
AND ErricikNcv or DyNaAMo-ErkecrRIiIc MACHINERY.—-Í. 


BY W. ELWELL GOLDSBOROUGH. 


The predetermination of the regulation of any dynamo elec- 
trie machine involves several important steps, and not the least 
among these, especially in the case of alternating current appara- 
tus, is the determination of the air-gap distribution of the flux, 
for upon it depends the inductance of the armature winding, tlie 
wave form of the x. м. к. and of the current. 

The contours of the pole-pieces and the armature teeth of a 
machine affect, therefore, to an important degree its commercial 
usefulness, as the air-gap distribution, and consequently the 
dynamo regulation, is directly dependent upon the shapes of 
these iron parts. In designing electrical machinery the mechan- 
ical details should always be given careful attention, and fre- 
quently a method of successive trial will have to be followed to 
the end of finding the best pole and tooth shapes to be used to 
fulfil the requirements of the specifications. 

In developing a method for accurately calculating the urma- 
ture surface density, let us consider first the simple conditions 
illustrated in Fig. 1. Here the armature surface is taken as a 
plane extending indefinitely to right and left. The pole-piece is 
a rectangular block extending indefinitely in a vertical direction 
above the armature, and having perfectly square corners. The 
length of the air-gap or the vertical distance from the pole-face 
to the armature surface is the same at all points. Both the 
armature and the pole-piece extend indefinitely at right angles to 
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the plane of the paper, and Fig. 1 is only a crose-sectional view 
of the apparatus assumed. 

Suppose, now, that a м. M. к. is applied to the pole-piece to 
set up a magnetic field in the air-gap. Since the permeance of 
the pole-piece and of the armature is high, we can consider, for 
all practical purposes, that all points on the sides and face of the 
pole-piece are at the same potential relatively to the armature 
surface, and that all points on the armature surface are at the 
same potential relatively to the pole-piece, and that, therefore, a 
constant difference of magnetic potential exists between points 
on the pole-piece and points on the armature. That is, for all 
practical purposes, there is the same difference of potential 
between (a—5) as there is between (e-d) ог (e-f). 

And, the number о f lines of force that pass between any pair 
of points on the pole-piece and the armature respectively (as с-а, 
in the plane of the paper) will be inversely proportional to the 
distance! between them. And the strength of the magnetic field 
at the surface of the armature at any point (as d) will be pro- 
portional to the sum of the reciprocals of the distances of the 
point (d) from all the points on the perimeter of the pole-piece 
made by а section. plane passing through the point (d), as in 
Fig. 1. 

That these assumptions represent a close approximation to the 
conditions actually existing in dynamo machinery, will be evi- 
dent when it is remembered that in any dynamo from 60 to 90 
per cent. of the M. M. F. impressed upon the magnetic circuit is 
expended in forcing the flux across the air-gaps, in spite of the 
fact that these air-gaps are seldom as much as one per cent. of 
the length of the path traversed by each useful line of force. 
The drop in м. м. F. is therefore from 600 to 2000 times as 
great per unit of length in an air-gap proper as it is in an 
iron portion of the circuit. 

The curve a in Fig. 1 represents the distribution of the mag- 
netic flux at the surface of the armature as determined hy the 
foregoing method; for the length of апу ordinate (à-d) at any 
point (A) on this curve is equal to the sum of the reciprocals of 
the distances of the foot of the ordinate (d) from all points 
(g to e) indicated on the pole-piece. The curve a extends inde- 
finitely to right and left, and is asymptotic to the surface of the 


1. In measuring these distances it must be remembered that the most direct. 
path tn air must be taken, as (d-a-g) Fig. 1, not (d-g) direct. 
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armature. The curve indicates that the strength of the magnetic 
field does not diminish as rapidly as is usually supposed after the 
limits of the working air-gap proper are passed. 

Fig. 1 illustrates the field strength at the surface of the arma- 
ture when but one pole is acting upon it. Suppose we bring up 
another pole, similar in every respect to the first, except that it 
is of opposite polarity. It will tend to set up the field density 
at the surface of the armature that ie represented by curve в of 
Fig. 2; but since this magnetic field is opposed to that of the 
pole х, а field will result that is equal to the difference of the 
superimposed fields, or to the field strength represented by the 
curve c, Fig. 2. Asa result of the subtraction, the flux density 
is shown to be zero at any point on the surface of the armature 
that is midway between the two poles, and that the sign of the 
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field is reversed at such point. In this ease the strength of the 
field at the surface of the armature is greatest at the center of 
the poles and diminishes to right and left. The reduction in the 
strength of the field under the pole corngrs is marked, and the 
form of the fringing tield is clearly outlined. It is to be further 
remarked that the contour of the curve c of flux distribution 
changes its form as the distance between the poles N and s is 
varied. 

The calculation of distribution curves similar to curve A of 
Fig. 1 is most readily etfected by an application of the calculus, 
although in cases where the contours of either the armature or 
pole-piece surfaces are very irregular, it may be necessary to 
space off tlie pole-piece perimeter and obtain the summation of 
reciprocals for any given point on the armature by first calculat- 
ing each one separately. 
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A simple and most handy formula for use in this connection 
is that for the determination of the summation of the reciprocals 
of lines drawn to a series of points on a plane surface. Referring 
to Fig. 1, let y, denote the value of the reciprocal (d-e) and c, 
the value of the distance (d-o) and x, that of the distance (o—e),— 
then,— 

1 
EZETA 
Therefore if y denotes the reciprocal of the distance of any point 
on the surface (g, a, m, e) from d; x, the distance of any point 
on the line (0-е) from о; z, the distance of any point on the line 
(n--g’) from л; and c, the distance (d-n), then, — 
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and, since, ав (а-у) = (a-g), the reciprocal of the distance (4-9?) 
approximates the value of the reciprocal of the distance (4—«-4), 
then,— 
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and the value of the ordinate from the point /, or 
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In estimating the value of the theoretical case that has just been 
discussed as an aid in the practical design of electrical machinery, 
it may be well to bring out the points of difference between the 
assumed and the actual conditions. In the first place the dimen- 
sions of the pole-pieces are limited vertically and laterally as well 
as transversely, and therefore although the assumed condition of 
field strength distribution may exist in a plane passing through 
the center line of the side faces of the poles, it does not follow 
that these conditions will in any wise obtain at the outside edges 
of the poles. Then again the difference of potential maintained 
between the armature surface and the poles is not constant for 
all points on the polar surfaces. It is only constant for points 
below the magnet windings, while the difference of м, м. F. 
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between points on the yoke (and at the top of the magnet wind- 
ings) and those ор the armature is zero. In passing through the 
winding spools therefore the м. м. к. diminishes from a maximum 
to zero. 

As will be shown later, the limitation of the dimensions of the 
poles in praetice does not seem to materially affect the resulta 
when the outer ends of the armature coils do not eut the lines of 
force of the outside or end fringe of the field, and where they 
do, the strength of this fringe can be determined by applying 
the construction to the end surfaces. 

The matter of the variation in the м. м. к. is notin general of 
great consequence owing to the fact that the distance reciprocals 
of points on the poles that are near the yokes are very small as 
compared with those of points on the working air-gap. It is 
ordinarily sufficient, therefore, to consider the potential constant 
to points alf way up to the field winding, and to carry the sum- 
mation only to these points. With this thought in mind the 
summation of reciprocals was only carried to e and g in deter- 
mining the form of curve a of Fig. 1. In special cases where 
on account of modifieations peculiar to the design it is deemed 
wise to take account of the variations in the M. м. F., it is only 
necessary to multiply each reciprocal by а number that is pro- 
portional to the м. м. к. acting on the path from which it is 
determined. In the application of the calculus to this case a 
special integration is necessary for the polar points lying withiu 
the winding spools. 

In bringing forward experimental results to show in how far 
the method that has been discussed can be relied upon, I will 
first call your attention to the data that is given by Dr. S. P. 
Thompson in the second lecture of his ** Electromagnet,” which 
refer to the determination of “ the relation of leakage to pull" 
in the case of a horse-shoe electromagnet. He says:— 

“The amountof magnetism that getsinto the armature does not 
go by а law of inverse squares, І can assure you, but by quite 
other laws. It goes by laws which can only be expressed as par- 
ticular cases of the law of the magnetic circuit. The most 
important element of the calculations, indeed, in many cases is 
the amount of percentage of leakage that must be allowed for.” 

Dr. Thompson then gives the record of the number of lines of 
force entering the armature when the latter is placed at succes- 
sive distances from the pole-pieces. 


These give ratios of length of air-gap to width of pole-face of 
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1/13, 2/13, 5/13 and 10/13, and for this series of air-gaps, sets 
of readings were taken with exciting currents of .7, 1.7, 3.7 and 
5.7 amperes. I have taken the data and multiplied each series 
by a constant which reduces the short air-gap reading of each to 
the same numerical value, and have plotted these results in Fig. 
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З; each series is marked and its points connected by a black line. 
The initial or short air-gap density of the first series is only .2 
of the initial density of the last series, and yet the curves prac- 
tically coincide, showing that for any given position of the arma- 
ture relative to the poles, the strength of the field is directly 
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proportional to the impressed м. м. F. and that the field distribu- 
tion of the flux remains constant, as theory requires. 

Now supposing the armature of this electromagnet to be a 
plane surface, and calculating the relative amount of flux that 
will enter the armature for the several air-gaps, by the method 
already developed, the data represented by the upper eurve of 
dots were obtained. The ordinates of these points are, therefore, 
proportional to areas enclosed by curves like curve c of Fig. 2, 
determined for each position of the armature. Supposing the 
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armature to be of horse-shoe form, the data obtained gave the 
lower eurve of dots. "The result for the armature actually used 
would fall between these two curves of dots. We have here 
evidence to show that a careful application of this method of 
reciprocal summation will give results within the bounds of 
experimental accuracy. 

An extended series of experiments carried on by Messrs. J. L. 
Roe and S. R. Fox, under my direction, upon alternating and 
direct current electromagnets confirm, the above: 
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I am further much pleased that the opportunity is afforded 
me of calling your attention, at this time, to a set of especially 
clear and instructive curves recently published? from the Uni- 


versity of Nebraska. In Fig. 4 I have reproduced in the small 
circles the graphical presentation of the data from which one of 
these was plotted. The small circles represent the experimental 
exploration of the flux distribution in the air-gap of an Edison 
bipolar dynamo. The curve shown by the black line in Fig. 4 
is the calculated curve of flux distribution for this machine ob- 
tained by the method of reciprocal summation. It agrees closely 
with the experimental work. 


The dotted curve of Fig. + outlines the flux distribution that 
is usually assumed. Its ordinates are inversely proportional to 
the length of the air-gap of the dynamo, and it departs noticeably 
from the real and calculated values through that important 
space represented:by the fringing field. 

To give you further evidence of the probable accuracy of. 
results calculated on this basis I have applied the method to the 


2. '* Armature Reactions іп a Continuous Current Dynamo,” by C. A. Bessey, 
The Electrical Engineer, vol. xxv , p. 511, May 12, 1898. 


524 GOLDSBOROUGH ON AIR-GAP [June 30, 


determination of the flux distribution in the air-gap of a 50-к. w. 
bipolar Jenney dynamo. The design of this machine is such as 
to admit of a considerable range of adjustment in the mean 


length of the air-gap. Under normal working conditione the dou- 
ble air-gap of this machine, which has & smooth core armature, is 
1.25" at the center of the pole-faces, and 1.52" under the leading 
and trailing pole-tips. The diagram of Fig. 5 presents the con- 
ditions existing with this arrangement. Subtracting curve в 
froin curve A, curve c is obtained, and representa the calculated 
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distribution of the flux in the air-gap. Тһе dotted curve р is 
plotted by taking the reciprocal of the length of the air-gap at 
successive points, and plotting the results so obtained above cor- 
responding air-gap positions on the diagram. The ordinates of 
the curve p are therefore proportional to the armature surface 
density in the air-gap, if this density is takeu as inversely propor- 
tional to the length of the air-gap. The star-points on the diagram 
represent the results obtained by exploring the air-gap field by 
the * pilot.brush " method. As the star-points follow the curve 
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c much more nearly than they do the curve p, it seems probable 
that the calculated values are reasonably accurate. 

In Fig. 6 is illustrated the result of imposing another set of 
conditions upon the same machine. The curve c represents the 
calculated distribution of the flux in the air-gap when the length 
of the double air-gap has a constant length equal to 1.98" at all 
puints. The dotted curve р shows what the relative value of the 
flux density would be if the strength of the air-gap field were 
inversely proportional to the length of the air-gap. Since the 
ordinates of the c curves and the р curves of Figs. 5 and 6 are 
respectively proportional to the quantities they represent and to 
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one another, they сап be compared, and to facilitate this are 
plotted together in Fig. 7. It is noticeable that the c curve of 
Fig. 6 represents relatively & very much stronger field than does 
the p curve. In fact the ratio of the mean ordinates of the c 
curves of Figs. 5 and 6 is .899, whereas the ratio of the mean 
ordinates of the p curves is only .699. We see therefore that the 
rate at which the strength of the air-gap field decreases as thie 
length of the air-gap is increased, falls far short of being inversely 
proportional to the rate of increase in the mean length of the air- 
gap, supposing that the c curves represent the true condition. 

This fact is also brought. out by the curves of Fig. 3, which 
indicate that the length of the air-gap had to be increased tive- 
fold before the strength of the field was reduced one-half, 
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To determine how nearly the calculated results agree with the 
actual conditions existing in the case of the Jenney dynamo, the 
magnetic characteristics of the machine were determined both for 
the short and the long air-gap adjustments; and the ratios of 
ordinates corresponding to like field currents along the “straight” 
parts of these curves below the “knee” were found to vary | 
between .824 and .864, the average being about .835. Although 
not conclusive, these ratios tend to substantiate the calculated 
results. | 

Up to the present the application of the method to machines 
having smooth core armatures has only been considered. But to 
be of value it should apply with equal force to all types of ma- 
chines, and in fact the most important field for its application is 
to modern alternating current machinery in which the shapes 


given to both the polar and armature projections are very varied 
in character. 

The computations required to determine the flux distribution 
where the armature surface is slotted, are considerably more in- 
volved than are those for a smooth core machine. To aceomplish 
a result that will be of value in determining the wave forms of the 
к. M. к. and of the inductance developed in the armature coils, 
the armature must be placed in a series of positions, each of 
which presents a different space position of the teeth to the poles. 
The complete armature surface distribution of the flux must then 
be determined for each position of the armature relative to the 
poles, the exact perimeter of the armature teeth beiug followed 
in each case and the measurements being taken from working 
drawings of the machine. When this has been accomplished a 
gufficient amount of information will have been obtained to admit 
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of the accurate determination of the rate of change of the tlux 
through any coil on the armature, and consequently of the wave 
form of the E. m. r. developed in the coil as rotation takes place. 
In other words, the data will be sufficient to determine the no 
load x. м. к. waves developed in the armature, provided the hys- 
tereti? and eddy current disturbances in the armature iron аге 
not sufficiently great to cause a lateral displacement of the wave. 

In Fig. 8 is shown diagrammatically a section through the poles 
and armature of an 850-900-1150 two-phase General Electric 
alternator, the results of calculations in connection with which I 
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wish to report to you at this time. Each of the coils on the 
armature of this machine embraces three teeth as indicated by 
the single coil shown in Fig. 8 and in the discussion which fol- 
lows, I will endeavor to show with what success the wave of 
Е. M. к. developed in these coils has been calculated. 

The curve o of Fig. 8 represents what the flux distribution in 
the air-gap would be if the armature core were smooth. Its 
ordinates are therefore proportional to magnetic density at the 
upper surface of the teeth. The number of lines of force enter 


3. Armature Inductance, TRANSACTIONS, vol. xiv., p. 292. 
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ing the sides and bottoms of the slots had also to be determined 
by the method of reciprocal summation. The result of some of 
this work is shown in Fig. 9, where three of the air-gap distribu- 
tion curves are plotted relatively to the perimeter of the armature 
developed into a straight line. The positions of the top of the 
teeth and the bottoms of tlie slots are indicated by the breaks in 
the line through the center of each curve. The curves are deter- 
mined for positions of the teeth differing by one-third of the 
pitch of the teeth, and the gradual change in the distribution and 
amount of the flux that enters a tooth as it passes across the pole- 
face can be traced by following the small letters a, 5, c, d, etc. 

The areas of the curves of Fig. 9 that are separated off by the 
ordinates are proportional to the total number of lines of force 
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entering the upper surfaces of the teeth and the lower surfaces 
of the slots, respectively. In other words, the area between 
ordinates ө and R is proportional to the flux entering tooth р of 
Fig. 8, within the surface between о and в; and the area between 
the ordinates к and s is proportional to the flux entering the 
bottom of the slot к between the limits в and s. The ordinates 
to the curves are drawn at points that are opposite the center of 
coils in the slots and represent the limit of the useful flux enter- 
ing the coil in the slot considered. The coil shown in Fig. 8 
rests in slots c and r, and therefore when the coil is in this posi- 
tion the total area between the ordinates ө and v of Fig. 9 must 
be taken to be proportional to the total flux entering the coil 


when it is in this position. 
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In Fig. 10 is shown the curve m, which is the magnetization 
curve of the armature coils at no load, 2. e., its ordinates are pro- 
pertional to the instantaneous values of the magnetism within 
the coils as they pass before the poles. The values of the ordin- 
ates of this curve were obtained from the distribution curves 
shown in part in Fig. 9, as already explained. 

Now since the rate of change in the amount of flux within the 
coils ів proportional to the £. м. к. developed in the coils, the 
wave of к. м. F. has been determined directly from the curve м 
by the method of tangente, and is shown by the broken line and 
stars of the curve к. The curve x, which is quite an irregular 
curve, is therefore and finally, the calculated curve of electro- 
motive force developed by this alternator. 

The points represented iu Fig. 10 by small circles trace the 
wave of Е. M. F. actually developed by this alternator as deter- 
mined experimentally by the rotary contact method. 

The method of calculating field densities which has been out- 
lined can, I believe, be made to play an important part in con- 
nection with the design of electrical machinery. It has been 
used by myself and my students with success within the last two 
years, in connection with problems involving the calculation of 
leakage coefficients, the regulation of large direct current units 
under conditions of load, the determination of the inductance of 
the coils on the armatures of direct and alternating current ma- 
chines, and the complete regulation of alternators and motors in 
so far as it is affected by disturbances in the magnetic field due 
to rotating masses of iron or reactive currents in the coils. To 
touch upon these points in detail would make my present paper 
too lengthy for this occasion, but I hope to be able, at a future 
meeting, to call your attention to some of the more important 
problems that have been treated. 


Purdue University, Lafayette, Ind., June, 1898. 
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(CoMMUNICATED BY THE AUTHOR AFTER ADJOURNMENT.) 


The importance has been emphasized of making due 
allowance for the fact that the м. M. r. between a point 
(d, Fig. 1) on the armature surface and a point on the polar sur- 
face (between с and e) within the field coil spools rapidly dimin- 
ishes as the latter point is taken nearer and nearer the yoke, it 
may be well to add the formula that applies especially to the re- 
ciprocal summation of the points within the field coils. 

If ем. м. ғ. VAN] ‘upon the magnetic circuit of Fig. 1, 
were produced by an energized coil occupying the space between 
the points с and e, the potential between polar surface points be- 
low c and points on the armature surface would be uniform and. 
equal to the maximum magnetizing power of the coil. The po- 
tential between points above e and points on the armature would 
be zero, and the potential of points between c and e and the ar- 
mature would gradually diminish from the maximum value to 
zero as the points were taken more and more remote from c. 
Under these conditions, the effect of the reciprocal of (m — d) 
or (e — d) at d is proportional to its full value; the effect, how- 
ever, of the reciprocal of ( p — d) at 4 is only proportional to 
half its full value, while the effect of the reciprocal of (e — d) is 
Zero. 

Therefore, the effect of the surface (с — m) at the point 4 is 
proportional to | 
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while the effect of the surface (c — e) at 7 is proportional to 
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where z, denotes the distance (o — c) and r, the distance (о — e). 
And the total effect of the surface (m — e) at d is proportional 
to— 
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evaluated as above. 


A paper presented at the 15th General Meeting 
of the American Institute of Electrical Èn- 
gineers, Omaha, June 30th, 1898. President 
Kennelly tn the Chair. 


HIGH-VOLTAGE POWER TRANSMISSION. 


BY CHAS. F. SCOTT. 


Several years ago an investigation of the conditions and 
requirements incident to the use of high voltages was under- 
taken by the Engineering Department of the Westinghouse 
Electric and Manufacturing Company. In this experimental 
investigation the size of the apparatus and the conditions of the 
tests were as far as practicable such as would prevail in actual 
work. 

The transformer, the «ine qua non of high-voltage working, 
received first consideration. A design suitable for large sizes 
was worked out and tested; then high-voltage windings were 
made. Attention was next directed to the line insulator. 

New phenomena were liable to be presented at higher voltages 
and it was necessary to determine what they were, also how to 
meet the requirements which they impose. New forms and 
sizes of insulators were designed, made and tested to determine 
the losses which would occur and the limit at which they would 
break down. 

The luminosity and the hissing sound emitted by the con- 
necting wires of high voltage, suggested a loss which might be 
an appreciable addition to that over the surface of the insulators. 
It was found that a very considerable loss of energy took place 
between the wires—a loss which at high voltages was much in 
excess of that across the surface of the insulators. 

Mr. L. L. Nunn visited Pittsburg at this time and became 
much interested in this work. He was а pioneer in power trans- 
mission, having put in the first large alternating current trans- 
miesion plant in this conntry, namely, that at Telluride, Colorado, 
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which was designed by the writer and described by him! at the 
General Meeting of this ІчѕтітстЕ in 1892. It was proposed 
that this work be taken up conjointly by the Westinghouse 
company and Mr. Nunn, and prosecuted on a much enlarged 
scale, by operating the Buca motor over a high-voltage line. 
In a report to the Vice President and General Manager of the 


electric company, dated April 2nd, 1895, the writer said, ‘The 
transformers would be arranged to give a line pressure of 10,000, 
which is to be increased by suitable steps to possibly 50, 000 
VOM Gewese I regard this as an excellent opportunity to make 
a thorough and extremely important and valuable test. of high- 
tension working under diffieult practical conditions, which our 
company should take up and carry out as fully as possible." 


Raising and lowering transformers were made and sent to 
Telluride, and power for the 100 n. r. synchronous motor was 
transmitted at voltages far exceeding any which had been 
previously used anywhere. Exceptional facilities were afforded 
for observing the practical operation of high-tension working 
under severe climatic conditions, and for making measurements. 
The results of the work were so assuring that the Telluride 
Power Transmission Company has lately installed a plant which 
is in commercial operation at 40,000 volts and is now making an 
increase in the plant. This work has been continued on experi- 
mental circuits at East Pittsburg, and some measurements have 
been made at Niagara. 

The work which has just been brietly described was an 
investigation into an unknown field. It has been progressively 
and systematically carried out and it has determined results 
which were unforeseen, and which are of both theoretical interest 
and practical importance. 

This present paper describes the more interesting and im- 
portant parts of this work, ahd gives the methods by which 
measurements have been made and the results which have been 
reached. A number of points of interest and importance are 
given with regard to long-distance transmission plants now in 
operation. 


lHicn-TEeNsioN TRANSFORMERS. 


In 1891 the Westinghouse company furnished transformers 
for the 10,000-volt transmission to San Bernardino and Pomona.. 
Twenty transformers were used in a set, each giving & pressure 
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of 500 volts and the twenty in series 10,000 volts. This arrange- 
ment made the insulation within the individual coils a matter of 
comparative ease. The insulation between the coils of the high- 
tension circuit and other parts of the transformer was secured by 
allowing a space, which was filled with oil. 

The first arrangement of transformers for giving from 30,000 
to 50,000 volts was made by using a number of transformers, 
each giving 10,000 or 15,000 volts. The low-tension circuits of 
the several transformers received current from an insulating 
transformer in which there were a number of separate coils, each 
one supplying a separate raising transformer. An arrangement 
of this kind was used for obtaining the high voltages in the 
exhibit of the Westinghouse company at the World’s Fair. 
A large transformer was designed in January 1894. The output 
of 200 к. w., was many times greater than that of any trans- 
formers which had been made by the Westinghouse company. 
The transformer was oil-insulated and was cooled by water flow- 
ing through a pipe immersed in the oil. ‘This transformer was 
pronounced a success, and the tvpe was adopted and has been 
followed ever since asa standard, except that tle water-cooling 
is employed only on the largest sizes. 

The transformer was then rewound for 40,000 volte, and a 
somewhat reduced output. It was operated at this voltage fora 
short time, when it was found that through an oversight, the 
insulation between layers was insufficient. In October the high- 
tension coils were rewound for 60,000 volts and the transformer 
is still in use after many months of varied service and a con- 
siderable period of inactivity. 

The making of a single large transformer for a very high volt- 
age naturally involved new difficulties. Above 10,000 or 20,000 
volts there was an unexplored and uncertain field in the matter 
of insulation. Materials which were commonly used at ordinary 
voltages might have very different characteristics under the new 
conditions. Tests were made on materials before the first high- 
voltage transformers were made, and it has been continued. 
The large high-tension transformer as made to-day was not 
designed in a week or a month, but it has been an evolution 
based upon experimental tests and experience in continued 
operation. 
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Hicu-Tension [N8ULATORS. 


After a high-voltage transformer was constructed, the insulator 
naturally presented itself as a fundamental factor in transmis- 
sion. The requisites of an insulator for high-voltage work are, 
that it shall have a dielectric strength sufficient to prevent the 
current passing directly through the material, that its dimensions 
shall be large enough to prevent the passage of current over the 
outside of the insulator to its support, and that the resistance, 
both of the material and its surface, shall be sufficiently high to 
prevent undue loss of energy. In addition to these fundamental 
electrical requirements are those of a mechanical nature involv- 
ing strength and convenience. These properties must of course 
be permanent, and not liable to deterioration while in service. 

Up to this time very little attention had been given to the 
manufacture and design of high-tension insulators. There were 
available for our laboratory tests the glass insulators which we 
had designed for the 10,000-volt transmission line at San Bern- 
ardino and Pomona, California. (See paper of Mr. G. H. Wins- 
low? before the General Meeting of the IxsrrrvrE in 1895). 

A much larger glass insulator was made having the so-called 
“helmet” form, which was probably the beginning of a type 
which is now quite common. The large glass insulator pre- 
sented mechanical difficulties in manufacture, and recourse was 
had to porcelain. An insulator was designed to be under-hung, 
the top of the insulator being supported in an inverted cup which 
was to be bolted to the under side of the crose-arm. From the 
bottom of the insulator a pin extended which was anchored in a 
hole in the insulator and held the wire several inches below the 
porcelain. The object was to place the wire below the cross, 
arm so that the snow which might pile up on the cross-arm would 
not come near the insulator. The wire, moreover, instead of 
being supported upon the top of the insulator, where it is in con- 
nection with an extended wet surface, would be supported from 
the part of the insulator which is most protected and the dryest. 

An interesting evolution then began to take place in the manu- 
facture of porcelain. There were eight or ten steps in this his- 
tory, in which insulators which were presumed by the manufac- 
turer to be satisfactory were broken down on high-voltage test. 
Porcelain which presented a beautiful smooth glazed surface was 
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often found to contain internal cracks or cavities which were 
goon traversed by the current. In other cases bits of pebbles or 
other impurities were found. In still other cases the porcelain 
was not homogeneous and was not compact, or the material was 
porous and absorbed a drop of ink almost as readily as a lump of 
sugar would do. The effect of this work is seen in the improved 
quality of material now made by certain porcelain manufacturers 
who benefited by this experience. 1t may also be remarked 
that some of the unpleasant experiences with porcelain insulators 
might have been prevented if similar preliminary tests had been 
made instead of employing the more expensive and inconvenient 
method of testing them in commercial service. 

The under-hung form of porcelain insulator, however, did not 
prove successful nor satisfactory. The insulator was heavy and - 
cumbersome, and no satisfactory method was devised for hold- 
ing the wire. A wooden pin lacks strength, and a metal pin re- 
duces insulation. Moreover, smaller insulators of the ordinary 
form were found suitable for higher pressures than was antici- 
pated. 

Some measurements were made of the losses on the Pomona 
insulators. Twenty-four insulators were mounted on wooden 
pins. A wire was run along the tops of the insulators and a 
second wire connected the pins. The increase produced in the 
reading of a wattmeter in the primary of the raising transformer 
when the wires were connected to the high-voltage terminals, 
was taken as the loss on the insulators. The loss at 25,000 volts 
was about two watts per insulator. This voltage between pin 
and wire corresponds to 50,000 volts between transmission wires. . 


Losses BETWEEN WIRES. 


The loss over the surface of insulators was quite small, in fact 
almost insignificant compared with the amount of power which 
would ordinarily be transmitted. The various displays of energy 
about high-tension wires, led us to investigate and determine 
whether this loss was one of importance. In order to measure 
the loss between wires, eliminating what occurs on the insulators, 
it was desirable to have a considerable length of wire, to support . 
it without insulators, and preferably to arrange the wires in such 
a form as to give a considerable loss. Nine wires each 60 feet 
long were stretched 4” apart in a horizontal plane, and were held 
.in place by strings several feet in length at each end. The wires 
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were No. 19 n and s gauge, 0.036" in diameter. They could be 
connected in various ways, and any pair or pairs of wires could 
be omitted as desired. 

The power supplied to the raising transformer was measured 
by a wattmeter placed in the primary low-tension circuit. When 
the load was placed on the transformer, the wattmeter reading in- 
creased, and the amount of increase was taken as the power de- 
livered to the load. This method involves certain errors which 
will be pointed out further on, but-on the whole it gives an ap- 
proximate and fairly correct indication of the power, and is suf- 
ficient to show elearly the general form of the loss eurves and a 
number of interesting characteristics. 

The first measurements of this loss are recorded Feb. 26, 1895. 
The Ist, 3rd, 5th, Tth and 9th wires were connected in multiple 
to one terminal, and the other wires were connected to the 
second terminal of the raising transformer; successively increas- 
ing voltages were applied. 

The wires began to give a hissing or crackling sound and in 
the dark began to appear Inminous at a little below 20,000 volts. 
As the voltage was increased the sound became more and more 
intense, the wires vibrated and became more and more luminous, 
until at the higher voltages they were surrounded by a coating 
of soft blue light many times the diameter of the wire. Often 
there were bright points along the wire, probably corresponding 
. to bits of dust or rough places resembling points on the wire. 
The large room soon became strongly charged with ozone. 

Results of measurements on all wires, alternate wires being 
connected together to one terminal, and the intermediate wires to 
the other terminal of the raising transformer, are given in the 
accompanying Fig. 1. Three curves are given for a frequency 
of 60 periods per second, or 7200 alternations per minute. Two 
of these curves give the wattmeter readings for the different 
voltages, one for the transformer alone, and the other for the 
transformer and high-tension wires; the third curve gives the 
difference between the two, and therefore represents approxi- 
mately the loss on the high-tension wires. Corresponding curves 
are given of tests made at a frequency of 133. Тһе loss in the 
transformer is less at the higher frequency, but the loss on the 
high-tension wires is almost the same for both frequencies. 
These losses are very small below 18,000 volts, but increase 
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rapidly up to 30,000 volte, which is about the highest pressure 
used. 

As the two seta of tests were made with dynamos having dif- 
ferent characteristics, they may not accurately represent the 
relative effects of the frequencies. The difference due to causes 
other than the frequency are, however, probably small, so that 
these tests are correct in showing the general relation between 
the loss and the pressure, and in indicating that the loss depends 
little if at all upon the frequency. 

Tests were made with different numbers of wires. In one | 
case the measurements were made with the arrangement de- 
scribed above, in which five wires were .connected together and 
the four intermediate wires were connected to the second termi- 
nal of the raising transformer. Two wires at one end were then 
left off. Two of these were next omitted, leaving three con- 
nected to one terminal and two to the other. One of these was 
left off, leaving the 1st and 3rd wires connected together, and 
the 2nd and 4th also. The ist and 9th wires were then con- 
nected together, also the 2nd and 8th. As the 1st and 2nd wires 
were well separated from the 8th and 9th, the mutual effect be- 
tween thei is negligible, so that the loss in this case may be con- 
sidered as double that which would be obtained from the 1st and 
2nd wires alone. The results of this measurement are plotted 
in Fig. 2. The points for both loss and current fall on a straight 
line and indicate that each additional wire causes a definite in- 
crease. 

Measurements made upon wires at greater distances show that 
the action is considerably less as the wires are separated. The 
loss is approximately the same at 28,000 volts when the wires 
are 4" apart that it is at 36,000 volts when they are 16" apart. 
The loss for a distance of 8" i is intermediate. 

Other measurements were made, but nothing of further im- 
portance was developed. It is interesting to note that within a 
few days of the first measurements the general characteristics of 
this loss were determined, namely, that the loss between wires 
increases rapidlv after a critical voltage is reached, that the loss 
is practically independent of the frequency, that it is much less 
as the distance between wires is increased. When a loss of 1200 
watts was obtained on a total length of 540 feet of wire at only 
30,000 volts, the important bearing of this phenomenon upon 
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transmission became very evident. The teste were stopped as 
preparations were begun for the continuation of the work at 
Telluride. 


TRANSFORMERS AT TELLURIDE. 


The original Telluride plants operated at 3000 volts. Both 
the generator and the synchronous motor were wound for this 
pressure. Two transformers were furnished for the high-voltage 
tests, one for raising the generator voltage for transmission, and 
the other for lowering the voltage for the motor. The windings 
were connected with a number of terminals by which the high- 
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tension voltage could be varied over a wide range up to 60,000 
volts. 

Coils of similar shape were placed side by side in what is 
known as the “ parallel" form of construction. Each coil had 
many layers of wire and but few turns per layer, thus securing a 
small difference of pressure between consecutive layers. The 
high-tension winding was divided into four similar coils, each de- 
signed to give & maximum of 15,000 volts. The individual coils 
could be differently connected, either in series or in multiple. 
The low-tension coils were five in number and were provided 


940 SCOTT ON HIGH-VOLTAGE [June 30, 


with loops, by which the number of effective turns could be 
varied. Three low-tension coils were placed between two pairs 
of high-tension coils and the two remaining low-tension coils 
were placed on thetwo ends. Between the low-tension and high- 
tension coils metallie shields were placed, which were connected 
to the ground for protecting the low-tension circuit from danger 
in case of accidental contact with the high-tension circuit, and 
also for screening the low-tension circuit from electrostatic in- 
duction from the high-tension windings. The transformer was 
immersed in a case containing oil. The iron and the case of the 
transformer as well as the shields between the coils were con- 
nected to the ground. 

There was also an auxiliary transformer whose ee was 
connected across the generator terminals while its secondary was 
placed in series with the circuit to the raising transformer, thus 


Fie 8. 


either raising or lowering the generator к. м. F. as desired. The 
secondary had a number of steps so that the voltage could be 
varied at will. 


Тнк Transmission LINE. 


The line extends from the power station near Ames, which is | 
a few miles from Telluride, Colorado, to the Gold King mill. 
The line passes over an exceedingly rugged country and has a 
total length of nearly 24 miles (11,720 feet). There are 62 poles, 
each carrying three cross-arms, the upper being about 26 feet 
from the ground. Each cross-arm carries two wires supported 
by insulatore which are designated as follows:—Large glass, 
small glass, porcelain. (See Figs. 4 and 5). The large glass in- 
sulator is the same as that used on the circuit in the ‘San Bern- 
ardino and Pomona plant. The total height is 5" and the maxi- 
mum diameter 53". The bottom of the insulator, stands 14” 
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Fie. 4.—50,000 Volts on Large Glass Insulators (Upper 
Cross-arm) and on Porcelain Insulators (Lower Cross-arm.) 


Fie. 5.—Insulators used in a Saad Еее 


542 .— SCOTT ON HIGH-VOLTAGE [June 30, 


above the cross-arm. The porcelain insulator is 444" high and 
51" in diameter. The bottom is 34," above the cross-arm. The 
gmall glass insulator is 33" in height, 41" in diameter and stands 
21" above the cross-arm. This insulator is triple petticoat; the 
other two insulators are double petticoat. The circuits were 
strung with galvanized iron wire 0.165" in diameter, which is 
No. S в. w. c., and about No. 6 Band sgauge. Later the circuit 
on porcelain insulators was changed to No. 6 B and s copper wire 
0.162” in diameter. The measured resistance of one of the iron 
wire circuits was 66.25 ohms at —7 deg. C. 


THe LIGHTNING PROTECTION. 


The lightning protection was laid out by Mr. A. J. Wurts, 
who previous to this time had spent some months at Telluride, 
determining the requirements for protecting the 3000-volt circuit. 
The protection consists of choke-coils and spark-gaps of non-arc- 
ing metal, as described by Mr. Wurts in his paper? before the 
ІхѕтітотЕ, March, 1892. 

In each line ten choke-coils were placed. Unit arresters, each 
consisting of seven non-arcing metal cylinders and having six 
_ spark-gaps, were connected as is shown in Fig. 3. 


Runnino TrEsts AT TELLURIDE. 


The first tests were qualitative rather than quantitative. It 
was uncertain what phenomena might accompany the operation 
of a long line at high voltage, and the pressure which could be 
used on the insulators was a matter to be determined. The first 
thing was to find what would work; measurements could be 
made afterwards. A high voltage was placed on the transmis- 
gion line, sometimes transmitting no power and at other times 
operating the 100 н. р. synchronous motor. In December 1895, 
the motor was operated at 25,000 to 33,000 volts for several 
days. In January 1896, 45,000 volts was used continuously for 
over a week, and beginning with the latter part of March a con- 


tinuous run of 37 days was made at 50,000 volts. “Some very 
severe conditions of weather were encountered during this time, 
very high gales of wind prevailed, the air was filled with clouds 
of dust, part of the time the snow which fell was quite damp 
and during the last few days of the run there wassome rain. At 
this voltage the wires were plainly visible at night and the 
characteristic hissing of high-tension currents could be heard 
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several hundred feet. No lightning arresters had been installed 
up to this time and the cause of the shut-down was damage to 
the raising transformer, caused by lightning. Lightning arresters 
were installed. The lightning season commenced about June 
1st. During the latter part of June lightning discharges over 
the arresters were very frequent. At this time we were limited 
toarunning voltage of about 34,000 volts, as there were not 
enough arresters to permit of increasing the voltage. No trouble 
whatever was had with the lightning protection. Discharges 
were frequently seen crossing the arresters and during two or 
three days in the early part of the season discharges occurred at 
intervals of a few seconds for several hours. Enough arresters 
were afterwards obtained to run at 45,000 volte, but the lightning 
discharges were much less frequent." 


Some measurements upon the line were made by determining 
the power to the raising transformers when the lines were con- 
nected and when they were disconnected. These measurements 
showed that the loss due to the line is small, below 45,000 volta, 
but increases rapidly when about 50,000 volts is exceeded, and 
reached 16.4 k. w. at 59,000 volts. The results up to 52,000 
volts are given in curve 2, Fig. 9. Curve 1 in this figure is the 
loss on the same circuit measured a year later by a different ob- 
server using a different method. At the maximum loss shown, 
there is a difference of only 8 or 9 per cent. in x. м. к. for the 
eame loss on the two curves. 

The record of the operation of this line at 50,000 volts for 
over a month is of very great interest, as it is a practical demon- 
stration of the feasibility of operating a line at 50,000 volts, a 
pressure four or five times as great as any which had been in 
general commercial use. Mr. V. С. Converse had been up to 
this time closely associated with this work. He had much to do 
with the design and construction of the high-tension transformers 
and insulators, tests upon losses in lines made at the Pittsburg 
laboratory and the tests at Telluride. 


MEASUREMENTS AT TELLURIDE. 


The work at Telluride was then taken up by Mr. R. D. 
Mershon. The facilities for experimental work were increased 
and instruments were provided for carrying on the tests. Mr. 
Mershon found peculiar difficulties in making exact measure- 
ments of the power to the circuit. А wattmeter in the low- 
tension circuit of the raising transformer led to errors under the 
conditions which prevailed. Some very able and painstaking 
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work was displayed in detecting the error and overcoming it with 
the facilities at hand—and the facilities were none too plenty in 
the heart of the Rocky Mountains for making measurements 
which would tax the resources of almost any laboratory. The 
apparatus used introduced a disturbing influence in the circuit, 
which, however, could be measured and eliminated. Оп the 
other hand, a wattmeter for measuring power on a high-tension 
circuit must accommodate а very high voltage and a very small 
current. As the charging current to an open line is usually very 
large in proportion to the loss current, the error of the instru- 
ment is very sensitive to slight variations of phase in the shunt 
current. А description of the instruments and the methods used 
are given in an extract from the report of Mr. Mershon which 
will be found at the end of this paper in Appendix A. The 
results of the measurements and the conclusions are given partly 
by extracts from Mr. Mershon’s report, and partly in abstract. 


Resu_ts oF MEASUREMENTS. 


“The results of measurements taken are embodied in curves. 

* ]n every case the measurements were taken upon an open- 
circuited line—in no case upon a line which was transmitting 
power. The line losses obtained are therefore a combination of 
those occurring between the line wires and the very small 7? £ 
loss in the wire itself due to the charging current of the line. 

** Measurements taken with the Weston wattmeter include the 
loss in the high-tension coil of the power transformer due to the 
currents applied to the line. This loss is in general small and in 
the following curves corrections have not been made for it. 
Curves taken with the Thomson wattmeter require no such cor- 
rection. 

“ There is an additional correction which may be made in the 
ease of those curves whose voltages were obtained from the rais- 
ing transformer. This correction arises from the fact that the 
action of the capacity current taken by the line, in connection 
with the series reactance of the transformer supplying it is such 
as to make the voltage impressed upon the line somewhat greater 
than that obtained by the ratio of the transformer winding. The 
measurements taken to determine the amount of the error in 
voltage show it to be small. 

“There were two generators used. One was that regularly 
running and supplying power to the power circuits of the Tel- 
luride Power Transmission Company. It is a 600 x. w., 22-pole, 
quarter-phase machine, delivering 500 volts at a frequency of 60, 
or 1200 alternations per minute. Its armature is of the slotted 
type and is wound with copper bars. In the notes this generator 
is designated as ‘Slotted Armature.’ 
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“ The other generator is"one whose field is that of the 100 
к. w. toothed armature machine, originally sent out as a part of 
bed first Gold King transmission plant. 1t has twelve poles and 
as originally run operated at 3000 volts and 10,000 alternations. 
There are two armatures for this machine ; a surface wound arma- 
ture, designated as * Smooth Armature,’ and a toothed armature, 
designated as ‘Toothed Armature.’ " 


Loss on Circuit with Wires 

ot Different Distances. 
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Comparison between [nsulators.-—A set of measurements was 
made for comparing the loss on the three circuits supplied re- 
spectively with large glass, small glass and porcelain insulators. 
"The curves are very nearly identical and correspond very closely 
with the right hand eurve in Fig. 6. * There was a heavy wet 
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snow on the ground and the cross-arms at the generating station, 
and more or less snow all along the line; that at the further end 
being drier than at the generating station. There was more or 
less snow falling during the measurements, and this accounts for 
a wide variation of the points taken at the high voltages, as fall- 
ing snow renders the wattmeter reading very unsteady, the un- 
steadiness being such as one might expect if from time to time 
there was a discharge between the wires. This unsteadiness does 
not seem to be as great in the case of falling rain as in the case 
of falling snow.” 
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Loss and Distance Between Wires.—A series of measurements 
was made to determine the connection between the loss and the 


distance between wires. “ Ав at that time it had not been fully 
demonstrated that the loss was not affected by weather conditions 
except there was precipitation, changes in distance between wires 
were made upon one circuit, while the distance between wires on 
another circuit was maintained always the same, and tho latter 
was used as a reference circuit when a change in loss was cb- 
tained." 
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The several curves have been plotted together, due correction 
being made for the slight difference in the loss in the reference 
circuit, which probably resulted from slight differences in the 
precipitation when the curves were taken. The distance be- 
tween the wires in the several tests was 15, 22, 35, and 52 inches 
respectively. . The results are shown in Fig. 6. It will be noted 
that the loss is much greater when the wires are close together 
and that the curve begins to ascend at a lower voltage. 

Comparison of Wattmeters.—The loss curves in Fig. 7 were 
taken on one of the circuits, first, with the Weston wattmeter 


a ana Cirewit. 
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and then with the Thomson wattmeter. ‘The Weston wattmeter 
was not in circuit when the measurements with the Thomson 
wattmeter were taken. Asan additional check, the readings were 
taken on each of the wattmeters of the loss occurring in, the 
shunt resistance, of the Thomson wattmeter the results were in 
practical agreement with each other and with those obtained by 
calculation. The discrepancy in the results obtained on the two 
instruments when measuring line loss will be referred to later. 
Logs on Insulutors.—A set of comparative readings was taken 
on one of the circuits and on a dummy circuit, identical with the 
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main circuit, as regards kind and number of insulators and the 
size of wire, but only 60 instead of 11,720 feet in length. The 
results show that the loss on the two circuits is practically identi- 
cal up to about 50,000 volts, which is the part of the curve below 
the bend. The losses agree closely with those shown in Fig. 6. 
At higher voltages the loss on the dummy circuit increased 
slightly, indicating that the loss was of the same nature as that 
at a lower voltage. The agreement of the loss on the two lines 
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at low voltage (č. e., below the bend in the loss curve) indicates 
that this loss was over the insulators. The great increase in loss 
on the long line at high voltage indicates that the loss was due, 
not to the inaulator, but to the line. 

Resistance and Reactance in the Circuit.—Measurements 
were made with resistance between the generator and the raising 
transformer, then with reactance and then with neither resistance 
nor reactance. The results are shown in Fig. 8, and indicate a 
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different condition, depending upon the character of the circuit 
supplying the current. It was presumed that this difference 
arose from a modification of wave form of the Е. м. Е. applied to 
the line. | 

Wave Form and Loss.—Measurements were made upon the 
wave form and the corresponding losses when different generators 
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were used and different circuits were connected. In one test an 
armature giving nearly a sine wave was used which delivered cur- 
rent at 30 eycles. Measurements were made upon one circuit 
only, and then upon two circuits in multiple. The current and 
the loss are both given in Fig. 9. The wave form for no load. 
and for both conditions of load are given in Fig. 10. The cur- 
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rent taken by the two circuits in multiple is twice that to a single 
circuit. The variation from a straight line in one of the current 
curves is due to a change in wave form as the voltage is increased. 
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The loss for the two circuits in multiple is about twice as great 
as for one circuit at low voltages, but it is less than that for one 
circuit at high voltages. Referring now to the wave form taken 
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at high voltage, it is seen that the wave form for the two circuits 
in multiple has a lower maximum than that for one cireuitalone. 
"The reduced loss on the two circuits is undoubtedly due to the 
different wave form when both circuits were connected. The 
distortion of the wave form is due to the reaction which the lead. 
ing current produces in the generator and transforming apparatus. 

Wave forms were also taken on the slotted armature giving 60 
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cycles. The wave forms are Pu in Fig. 11. The conditions 
are similar to those just described, in that a single circuit pro- 
duces а wave having a much higher maximum than that produced 
when two circuits are run in multiple. The losses (which are 
not shown) bear the same general relation as that in the last case, 
namely, the loss with two circuits is greater аі Іоу voltage and 
at the high voltage is less than that on a single circuit: 
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A wave form was taken upon Ње toothed armature both at по: 
load and also when supplying current to one of the circuits. 
‘These are shown on Fig. 12. This wave differs radically from a 
sine wave at no load and is greatly distorted when supplying a 
leading current. In the no-load wave the value of the funda- 
mental is 72.5 per cent.; the third harmonic 21.6 per cent.; the 
fifth harmonic 4.8 per cent. The corresponding loss is given in 
curve 1, Fig. 9. The distorted wave makes the Thomson watt- 
meter read too high, especially at the lower Е. м. r's. 


OTHER OBSERVATIONS AND TEsTs. 


“ А series of observations was taken extending over a period 
of thirty-three days, to determine whether there was any con- 
nection between the loss occurring on the lines and the variations 
in weather conditions. Three readings were taken each day. 
They were, in addition to the wattmeter readings, readings for 
barometric pressure, temperature, humidity, wind direction and 
wind velocity. The weather observations were taken simultane- 
ously at Ames and the King, using sets of weather instruments 
furnished by the United States Weather Bureau. The range of 
these observations is shown in a table given below, in which 
maximum and minimum refer to the maximum and minimum 
results obtained at any time during the thirty-three days over 
which the measurements extended :— 


. Temrerature Humidit Wind velocity 
Location. Barometer. D'eg. F. per cnt miles per hour. 


| y Maximum. 32 10" 71.5 43.2 23 


Ames. 1 Minimum. 21.68* 56.3 7.14 2 
1 Maximum. 21 82° 62.0 42.5 20 
King. { Minimum. | 19.81 47.8 3.0 3 


“Tf there was any variation in the loss on the lines for this 
range of weather conditions, it was so small as to be inap- 
preciable. The results of all measurements taken during this 
work seem to contirm the fact that the only weather condition 
whatsoever which affects the loss to any practical extent is that of 
precipitation. The loss seems to bear some relation to the size of 
the particles precipitated, being greater for a fall of snow in 
which the flakes are large than one in which the flakes are small. 

*In the power transformers used, the series reactance was 
comparatively small because of the subdivision of the coile. A 
change in the condition on the line as regards loss occurred when 
the Weston wattmeter was placed in circuit. This was detected 
by measurement upon the Thomson wattmeter, both when the 
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Weston wattmeter was in circuit and when it was not. More- 
over, the lines hissed when the voltage is 55,500 and the Weston 
wattmeter is out of circuit, but when the Weston wattmeter is 
thrown into circuit the hissing ceases, although the voltage rises 
to 57,700. The hissing Т ів a characteristic of high-voltage 
lines and begins at the bend in the loss curves. It always ac- 
companies luminosity of the lines. 

** Along with this change there was another phenomenon not 
previously mentioned. is was & discharge which took place 
from time to time between the terminals of individual choke- 
coils. The discharge would occur sometimes between the termin- 
als of one choke coil and sometimes simultaneously on two or 
three of the choke coils. These discharges made considerable 
noise, sounding very much like a pistol shot, and could be heard 
at a considerable distance froin the'transformer house. As the 
choke-coi] terminals are distant from each other about 8}’’, it is 
not thought that this discharge took place through the air, but 
over the surface of the wood enclosing the choke-coil. The dis- 
charge, however, left no mark on this surface. Simultaneous 
with these choke-coil discharges one could hear, if standing under . 
the line some little distance from the transformer house, a slight 
snap which seemed to be a phenomenon rather of the whole line 
than of any particular spot in it. Sometimes there was a cor- 
responding snap over the lightning arresters. As the lightning 
arresters make more or less noise at all voltages, this snap over 
them may have been present at all times, but in some cases not 
sufficiently well marked to be heard above the continued hissing 

of the lightning arresters. 
|. * After the preceding results had been obtained, the two power 
transformers were connected up with their high-tension windings 
in series, the point of connection between them being grounded, 
and with their low-tension windings in multiple. With this ar- 
rangement voltage was impressed on one of the circuits, power 
being supplied by the smooth armature at 7200 alternations. 
The voltage was run by means of the machine field to 90,000. 

* As the power taken by the lines at this voltage overloaded 
the motor used to drive the generator, a span was cut out of the 
circuits at a little distance from the station, leaving about 500 
feet of wire in them. The voltage was run up to 133,000 volts 
and held there for some minutes ; but the current finally jumped 
from the outside terminal of each transformer to the iron, smash- 
ing the heavy glass tube with which these terminals were in- 
sulated.” 


Discussion oF RESULTS. 


The following is taken from Mr. Mershon’s discussion of the 
resulta of his tests: 


“ There is evidently a certain critical voltage at which the loss 
occurring between wires begins to increase very rapidly ;, indeed, 
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it seems as though there might be something of the nature of 
& polarization similar to that which occurs in the case of an 
electrolyte; that there is something of this nature in the case of 
air or other gases subjected to an electrostatic stress is well known, 
and it has been taken as an explanation of the fact, that in the 
experimental determination of sparking distances in air, a certain 
minimum potential is necessary to establish an arc, no matter how 
small be the sparking distance. Aleo, Varley has done some 
work on tubes containing gases. This work was done with a 
series of Daniel's cella yielding 300 to 400 volts. The voltage 
was impressed upon electrodes sealed into the tubes. He esta 
lished the following facts:— First, that each tube required а 
certain potential to leap across; second, that the paseage for the 
current having been once established a lower potencia was suf- 
ficient to continue the current; third, if the minimum potential 
which would maintain a current through the tube be р and the 
voltage varied to P plus 1, e plus 2. ete., to P plus м, the current 
will vary in strength as 1, 2, 2, ete., N; P always meaning the 
lowest value at which the current will continue, and is less than 
that at which the current starts. 

Tf such a condition of affairs obtains in this case, the loss 
curves of the preceding sheets must be made up in two parts, one 
the loss over the insulators and cross-arms, the other the loss oc- 
curring through the air. The first part of the loss curve up to 
or near the point where the abrupt bend begins, must be the loss 
over the insulators and cross-arms alone; beyond the point where 
such a bending occurs, the loss curve must be made up of a com- 
bination of the two losses referred to. | 

* [f the action which takes place in air is similar to that ob- 
tained by Varley, we might expeet that both (1) the position of 
tle critical bend on the loss curve and (2) the law which the loss 
follows above the bend, would be affected by the form of the 
E. M. F. wave impressed upon the line for the former (1) must 
depend, not upon the mean square of the voltage impressed upon 
the line, but upon the mean square of that portion of the E. M. Е. 
wave which is above a certain critical voltage, and the latter (9) 
must depend upon the form of that portion of the x. M. F. wave 
above a certain critical voltage because, as Varley shows, the 
minimum voltage at which this peculiar loss begins, differa 
glightly from the minimum voltage at which it will continue after 
the action has been established. If it were not for the latter 
consideration it would be comparatively easy to determine the 
equation for such loss at least in the case of a pure sine wave, and 
it might be that there is a sufficiently small difference between 
the voltage at whieh this loss will begin and the voltage at which 
it will discontinue for such an equation to hold practically. That 
{һе loss depends upon the maximum value, if not upon the form 
of the Е. м. Е. wave, is shown by several of the loss curves in con- 
nection with their corresponding wave forms, . This is particularly 
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noticeable in one or two cases where the loss on two lines in 
multiple is lees than that on one line, and although some of these 
comparisons will have to be made between curves taken on the 
two different wattmeters and are, therefore, not strictly com- 
parable, they may be compared after such correction as 18 men- 
tioned below in discussing the wattmeters. In апу case the curves 
are comparable, qualitatively, as regards the position of the critical 
point. 

“Tt might be objected that the results are rendered question- 
able by the curves in Fig. 7. The curves were taken under pre- 
sumably similar conditions, except that one was obtained by 
means of the Thomson wattmeter and the other by means of 
the Weston wattmeter. This discrepancy is attributed to a 
charging current passing through the shunt resistance of the 
Thomson wattmeter. That the amount of capacity current neces- 
sary to produce the discrepancy is small, appears upon the fol- 
lowing considerations :—In one case the loss obtained upon a cir- 
cuit at 38,000 volts when using the Weston wattmeter is 90 watts, 
and under the same conditions, but using the Thomson wattmeter, 
the loss is 215 watts. The difference in the loss obtained by the 
two wattmeters is therefore 125 watts. The current is about 
0.25 of an ampere. Now, 0.25 of an ampere if in step with the 
Е. м. Е. would give on the Thomson wattmeter at 38,000 volts a 
reading of 9500 watts; therefore the capacity current through 
the shunt resistance necessary to produce the discrepancy of 125 
watts is 125 divided by 9500, or about 1.3 per cent. of the current 
in the shunt resistance. The shunt resistance has a value of 
1,202,300 ohms; at 38,000 volts the current through it would be 
about 0.032 amperes; 1.3 per cent of this, or 0.00416 amperes 
is that required to produce the discrepancy noted. In further 
support of this method of accounting for the discrepancy, the 
results obtained at different numbers of alternations using the 
Thomson wattmeter sbow a variation for different numbers of 
alternations of the losses below the bend in the loss curve, and 
which are thought to occur over insulators and cross-arms. There 
should be no variation in such loss for a variation in frequency. 


* Any discrepancy occurring in the Thomson wattmeter by 
reason of a capacity current in its shunt resistance will be affected 
to a greater or less extent by change in the wave form. 


* [t is believed that all the phenomena connected with this 
work may be studied in a tube which has been partly exhausted. 
The work could then be done with comparatively low voltage and 
using direct current which would much шр the measure- 
ments. The contents of the tube might be partially rarefied air 
or other gas, as the action would audonbiedly be similar in al] 

8. ith such a tube might be studied the law of variation 
in distance and form of electrodes, also in material and surface of 
the same. 
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RersuME AND CONCLUSIONS. 


* [t is undoubtedly true that the loss is made up of a loss over 
insulators and a loss hetween wires, and that the latter is the only 
loss worth considering. 

* The loss between wires із not affected by any atmospheric 
conditions except precipitation. This statement of course must 
be taken as applying to such a climate as that in which the 
measurements were taken. The lines were seldom in fogs or 
clouds, and when they were, or when iain was falling, the moist- 
ure was of the purest. Near cities the loss would be undoubtedly 
much greater than that shown in these curves, because of the 
impurities both in solution in the moisture of the atmosphere and 
in suspension. 

M There will be for a given transmission a certain economical 
voltage, because while an increased voltage, with a given line 
wire, will reduce the loss in this wire by decreasing the trans- 
mission current it will also increase the loss between the wires. 

“It is believed that attention to wave form is very important. 
The sine wave is undoubtedly the best as giving a stable form, 
and because of superior results with all kinds of apparatus. A 
flat wave would of course give less loss, but would not be stable, 
und as the nearest practical approach to a sine wave will not be 
perfectly stable but will still contain some harmonics, it will be 
of advantage to keep the series reactance of the transformers and 
generators as low as possible. 

“It is believed that 40,000 volts is perfectly conservative and 
safe as regards loss between wires for any ordinarily good wave 
form, and in a climate such as that in which the measurements 
were taken, 2. e., where the air and precipitated moisture are 
n pure, 40.000 volts comes well below the bend in the 
oss curve even under the worst weather conditions. 

* [ can see no advantage of porcelain over glass, unless it be 
that of superior mechanical strength. The latter is rather a 
doubtful advantage. The ball from a heavy calibre rifle or re- 
volver such as are used in the western country will smash any 
insnlator whether glass or porcelain. Porcelain offers a more 
tempting mark, being white. As to hygroscopic properties, no 
difference could be discovered so far as these measurements were 
concerned. [t will make little difference under running con- 
ditions whether the insulator be hygroscopic or not, as the small 
amount of power necessary to keep the surfaces dry will be in 
significant. I say under running conditions, because in starting 
up a ‘cold’ line there is danger of break-down if current is put 
on suddenly at full value, instead of being raised gradually. As 
far as the resistance to piercing is concerned, glass is just as good 
practically at least as porcelain. It needs no electrical test to 
piek out a good glass insulator, which is one advantage of glass 
over porcelain. 
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“To sum up, glass insulators are cheaper, lighter, more easily 
tested and less likely to be shot at than porcelain ; on the other 
hand, they have less mechanical strength. | 

* [n every case, in my experience, where a breakdown has oc- 
curred, it has been on a cross-arm which was ‘wind shaken’ and 
‘weather cracked,’ the current following the cracks. This leads toa 
curious result. The mark of the current will be on surface of the 
arm for five or six inches, then disappear from the surface altogether 
for some inches, then reappear, etc. On cutting open the arm 
one sees how the current has followed the best path, dodging in 
and out. Rain and moisture probably settle towards the cracks, 
carrying salts from the body and surface of the wood. This 
forms & path of low resistance, especially in wet weather. For 
this reason I have in the plant of the Colorado Electric Power 
Company taken particular pains in treating both pins and cross- 
arms. The cross-arm treatment is such as fills all cracks and fis- 
Bures as & section of the wood shows. 

*'This report would be incomplete without an acknowledg- 
ment of the assistance rendered in the work by the engineering 
force of the Telluride Power Transmission Company. headed b 
Mr. P. N. Nunn. Especial credit should be given Mr. A. L. 
Woodhouse for his faithful work and constant perseverance in 
the face of great discouragement.” 


Hicu-Tension Tests AT East PITTSBURG. 


Laboratory tests and measurements on a small scale cannot 
take the place of tests under the conditions of practical service, 
such as those at Telluride. There are, however, many impor- 
tant elements which may be determined by laboratory measure- 
ments. | 

A high-tension line for testing insulators and making measure- 
ments upon the losses between wires was erected at the East 
Pittsburg factory in the fall of 1897. A number of the tests 
which have been made are here recorded. 

(1) A test was made to determine whether the wave form of 
the charging current to the line was similar to that through a 
resistance, or whether it was modified by the loss component, the 
loss occurring only at the higher part of the к. M. к. wave. The 
current to the high-voltage line, at pressures varying from 
80,000 to 60,000 volte, was passed through a coil possessing high 
self-induction. The x. м. F. upon the coil was measured by a 
voltmeter. The к. м. r. was also measured when a current of 
equal strength was passed through the coil, the line being short- 
circuited and a low x. м. r. applied. It was found that the 
voltage upon the coil wae the same, within a small error of obser- 
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vation, in both cases, showing practically no difference in the 
wave form of the current under thetwo conditions. The current 
wae from an armature giving practically a sine wave. 

(2) The charging current to the line was measured under 
several different conditions when the current was obtained from 
a generator giving practically a sine wave. "The results of meas- 
urements were compared with the currents as calculated by the 
theoretical formula. The last measurement in the table was 
made upon the Niagara-Duffalo line, with current from a Niagara 
generator, which differs slightly from a sine wave. 


CoMPARISON OF MEASURED AND CALCULATED CHARGING CURRENT TO PARALLEL 
Wires. LENGTH, ONE MiLE—10,000 Vorrs. 


Size of Wire. Distance between Wires. Frequency. Med акта 
No. 8 В апа 5 21.2" 6o .0307 Amperes | .о28 Amperes 
8 Band S 48.0 ' 60 .0245 x .0252 “ 
8 Band S 79.5” 60 .0234 У .0238 a 
8 Band S 127 5” 60 .0225 = .0222 e" 
No. 8and ground 120.0” | 60 .0427 : .0412 T 
18" for 2/3 of distance } 
0.71” diameter 25 .0176 e .0170 = 
ser au c 


A table giving the calculated charging current for a number 
of conditions will be found in Appendix B. | 
(3) The fall of potential around the wires was noted by tests 
made with spark-gaps. The wires 48" apart were con- 
nected to the high-voltage terminals and a spark-gap was placed 
between two idle wires also 48” apart, placed about 21" below 
the first wires. A spark-gap consisting of brass terminals with a 
" radius was placed between the two idle wires. When the gap 
was $45" the sparking began when the к. м. F. from the raising 
transformer was 26,000 volts. A gap of у” requires an E. M Е. 
of 2,200 volts to produce sparking. When the spark-gap was 
made 45" (equivalent to 12,000 volts) the sparking began at 
103,000 volts from the raising transformer. At intermediate 
points there is a fair proportionality between the spark-gap and 
the Е. M. Е. 
In another test a врагк-рар was placed between one of the idle 
wires and the adjacent wire of the live circuit., When the spark- 
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gap was $” (equivalent to 6,000 volts) the spark passed when 
the x. м. к. was 17,500 volts, and when the spark was made 1" 
(equivalent to 12,000 volts) the sparking began at 33,000 volts. 
When the gap was 3” (equivalent to 16,000 volts) sparking 
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began at 41,000 volts. When the gap was 4” (equivalent to 
20,000 volts) sparking occurred at 49,000 volts. The x. M. ғ. did 
not differ greatly from a sine wave. These tests have an impor- 
tant bearing in connection with the running of telephone and 
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other circuits adjacent to high-potential wires. It is essential that 
the wires of a high-potential circuit be spiraled so that each wire 
sustains the same relation as every other wire to the second 
circuit, in order that the effects of static induction may be 
neutralized. 

(4) The effect of the size of wire upon the loss was investi- 
gated by running a pair of No. 28 brass wires 0.0126” in diam- 
eter and then replacing it by large rubber-covered wires. The 
rubber-covered wire was No. 7 B and s. gauge 0.144” in diameter ; 
the outside diameter of the rubber covering was 0.3" and the 
diameter over the braid was 0.35". In each case measurements 
were made upon another circuit which was unchanged during 
the different tests, and thus served for comparison. The results 
of these tests are shown in Fig. 13, which also gives the con- 
ditions when one fine wire and one wire of larger size, No. 8 B 
and s, constituted the circuit. This comparison shows the very 
marked increase in loss when the fine wire is used. The loss 
is greatly decreased when the rubber-covered wire is used. The 
loss on the rubber-covered wire, however, increased considerably 
after the voltage had been raised and the rubber had broken 
down, thus permitting the current to pass freely to the outer 
surface of the insulation. It is quite probable that the loss 
would increase as the insulation became defective, until it was 
nearly equal to that of a wire having the same total diameter. 

The measurements on wires of different sizes given in Fig. 13. 
are qualitatively correct, although some of the readings on which 
the curves are based were quite small, so that the absolute values 
may not be exact. | 

(5) The effect of the current in drying the surface of the 
insulators was illustrated in a test made during a rain. Upon 
applying 45,000 volts to & circuit the wattmeter indicated 116. 
After four minutes the deflection had decreased to 72, the cur- 
rent remaining the same. The x. м. r. was then increased to 
60,000 volts, the wattmeter deflection increased to 155, and at 
the end of three minutes it had fallen to 138. The current was 
one-third greater than at the lower voltage, but remained constant 
while the wattmeter changed. The rain continued during the 
test, which shows, therefore, that the condition of the insulator 
is materially improved by the presence of the current. 

(6) lt was noticed that when there was a break-down upon the 
line and the current passed suddenly between wires over the 
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surface of the cross-arm that there was a sparking between the 
terminals of the ammeters in the high-tension circuit acroes the 
surface of the instrument. This was further investigated by 
placing in circuit a coil of low resistance through which one 
ampere would be sent by about 14 volts at a frequency of 125. 
A spark-gap was placed in shunt to this coil. A 2" spark-gap 
was also placed between the line wires. The voltage of the 
primary was gradually raised until at 35,000 volts the current 
passed across the spark-gap between the line wires. A spark 
also passed across a gap of $”, shunting the small choke-coil. 
"This test shows the remarkable suddenness of the rush of cur- 
rent when the short-circuit occurs due to the breaking down of 
the spark-gap on a high-voltage circuit. This phenomenon was 
observed by Mr. Mershon in choke-coils used in connection with 
lightning arrestere at Telluride. 

Running testa were made on four lines in multiple at high 
voltages. Each line consisted of two wires 1,040 feet in length 
held by 26 insulators. The insulators were of various types of 
glass and porcelain, some of the ordinary form and some under- 
hung. For hours at a time 100,000 volts or slightly more were 
kept upon the line. For about six weeks voltages ranging from 
70,000 or 80,000 to 100,000 volts were kept on the lines for 
about eight hours a day. When there was rain the line would 
short-circuit and the voltage had to be reduced. During a driv- 
ing rain storm 48,000 volts was kept on the lines, and it may 
have required a considerably higher voltage to have caused short- 
circuiting. 

(7) A high-tension wattmeter similar to the Thomson watt- 
meter at Telluride was used. To correct the wattmeter for 
the errors caused hy charging current in the shunt resistance, 
& condenser was placed in parallel to the shunt circuit of the 
wattmeter. This condenser should be so adjusted that the cur- 
rent through the shunt circuit of the wattmeter is the same 
that it would be if there were no condenser and the shunt re- 
sistance had no capacity. This permits the capacity current in 
the circuit to be shunted round the wattmeter by the con- 
denser. The condenser in shunt to the wattmeter was capable 
of adjustment, and by varying its capacity the deflection could 
be made positive or zero or negative when current was de- 
livered to a constant load. The proper adjustment was made 
by taking a comparatively low voltage, at which the charging 
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current was very high in comparison with the loss, so that the 
loss was nearly negligible, and adjusting the wattmeter to indi- 
cate zero. At higher voltages, when there was a considerable 
loss, the error with this adjustment would be inappreciable. 
Certain variations with temperature and humidity were noted 
which would be explained by a variation in the capacity of the 
resistance, causing а variation in the charging current to the 
shunt circuit of the wattmeter. The high resistance for the 
shunt circuit was wound upon fuller-board plates containing brass 
stiffening pieces. Tests were made upon individual plates by 
measuring the capacity between the wire and the supporting strip 
of brass, and it was found that the capacity and the insulation 
resistance both varied with the amount of moisture in the ful- 
ler-board insulation. In order to prevent variations of this 
kind, subsequent resistances were wound upon glass plates, 
which seems to be a very satisfactory form of construction. 


Tests AT NIAGARA. 


Some measurements have been made upon the Niagara-Buffalo 
transmission line. There are two circuits of three wires each, 
one of which was in service and the other was available for 
tests. Each circuit consists of three cables each of 350,000 c. 
M., approximately 0.7” in diameter. The cables аге run on 
porcelain insulators, and аге on the same cross-arm. Adjacent 
insulators are 18 inches apart and the circuit is spiraled, so that 
each of the three wires occupies the middle position for a third 
of the distance. Current from one of the 5000 n. р. generators 
was applied to the line through a raising transformer, by which 
the voltage can be increased by small steps to 100,000 volts. 
This transformer is part of a high-tension testing outfit which is 
described by Mr. C. E. Skinner in the Electrical World, March 
5, 1898. The wattmeter is a Thomson inclined coil instru- 
ment with & high resistance shunt of german silver wire wound 
on glass plates. The ammeter is a Thomson inclined coil instru- 
ment, connected directly in the high-voltage circuit. 

Measurements were made between the various pairs of wires, 
a.e., 1 and 2, 2 and З and 1 and 3; the current was found to be 
practically the same in each case; the loss on one of the circuits 
wae slightly greater than that on either of the other two, on which 
the losses were about equal. The accompanying curve shows 
the measurements of current when two wires were connected 
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and the measurement of loss; the latter measurements were 
made upon one pair of wires up to about 26,000 volts and then 
upon a second pair. The results are given in Fig. 14. 

On another day measurements were made of the resistance be- 
tween each wire and the ground, and corresponding measurements. 
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of loss were made by placing the high potentials between each 
wire and the ground. The measured loss was somewhat greater 
than the loss calculated by using the к. м. к. and the measured 
resistance. In these measurements, at voltages from 13,000 to 
23,000 volts, the power factor calculated from the. current and 
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wattmeter measurements, varied from about 4% to 6%, so that a 
very small charging current in the wattmeter would produce a 
considerable error in the reading. 

Some measurements were made upon a pair of fine wires, in 
which the wires were placed at different distances apart. No. 
31 sand s gauge spring brass wire 0.0089" in diameter was 
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used. The length of the parallel wires was 744 feet. They 
were suspended by light strings successively at 6" apart, 14" 
apart, and about 25” apart, the distance varying from 24" to 
27’. The wattmeter readings are given in the curves in Fig. 15. 
The power factor of the measurements made above 100,000 
volts is about 95%, and is over 80% above 70,000 volts. There 
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can be but little error in the wattmeter due to charging current 
in the resistance at these power factors. 

The measurements on the Buffalo line were made by the 
writer. Those on the fine wires were made by Mr. E. M. Ting- 
ley, who conducted the tests at East Pittsburg, and rendered 
valuable assistance in the preparation of this paper. 


Power TRANSMISSION PLANTS IN OPERATION. 


Beginning with the plant at San Bernardino and Pomona, 
which began operation in 1892, using 10,000 volts and trans- 
mitting 30 miles, a constantly increasing number of plants have 
been installed operating at 10,000 or 15,000 volts. In somecases 
there has been little or no trouble experienced with the trans- 
mission lines, while in other cases the experiences have been less 
satisfactory. The principal trouble seems to have been a poor 
grade or an insufficient size of porcelain insulator. In other cases 
the insulators, sometimes porcelain and sometimes glass, have 
given almost perfect satisfaction. 

The superintendent of a power company which has been run- 
ning fifteen months with about 15,000 volts, reports that they 
“have had absolutely uo trouble whatever of an electrical 
nature." Some insulators were broken because they had been 
used as targets by small boys or hunters, but only the outer petti- 
coats were broken, and no short-circuits occurred, although in 
some cases insulators were in use for months with most of the 
outer petticoats chipped off. The distance of transmission is — 
twelve miles. Porcelain insulators are used. 

In another plant which has been in operation about a year and 
a half employing 15,000 volts for a distance of nearly thirty 
miles, there have been but three shut-downs on account of line 
difficulties. These were due to the breaking of insulators at a point 
where the line was spiraled. In one case the repair was made 
in half an hour, and in the other case a few minutes interruption 
to the service was sufficient for repairs. 

The line is regularly patroled, and if a defective insulator or 
pin is found, the generating station is notified by telephone and 
the line is shut down for a few moments at noon. In one case 
two poles were burned by a defect in the insulators on the top of 
each. The poles burned to the ground, leaving the line hanging 
clear without any one at either the generating station or sub- 
station being aware of the fact. 
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Troubles have arisen on some lines by the burning off of pins 
by the passage of sparks from the outer edge of the insulator to 
the pin. These sparks make small holes in the pin no larger 
than a needle point, but after continuous sparking for some 
time the pin becomes entirely charred. An iron pin suggested 
itself as a remedy, but additional strainsand tendency to break- 
down are liable when a conductor is placed within the insulator. 
The burning off of pins has occurred where small porcelain in- 
sulators are porous and the outside glaze is imperfect, while the 
glaze on the inside is good. When the porcelain is filled with 
water the current readily passes through it to the lower rim of 
the insulator and then sparks across to the pin. In опе place 
which has been running for about three years some 250 pins 
burned off. The early insulators have been replaced by larger 
and better ones, and this defect has disappeared. 

A 10,000 volt-line which runs for a dozen miles or more within 
a few hundred yards of the Pacitic coast has burned cross-arms 
on nearly every pole. The cross-arms near the ends of the line, 
which are away from the coast, are not burned. Usually the burn- 
ing appears as a mere blackening of the cross-arm for a short 
space between the insulators, on one side of the arm. In some 
cases the charring is deeper, and appears on both sides. The 
side on which almost all of the burning occurs is the one toward 
which the winds come from the ocean, bearing the mist of salt 
water. The wire shows discoloration, and the iron braces for 
- holding the cross-arms are in a few cases eaten through. More- 
over, Ше cross-arms were green and full of sap when erected. 
The early porcelain insulators were porous, and have now been 
replaced, and the pins are of iron. The charring has ceased 
almost entirely since the new porcelains were put up. 

It may be observed that in the plants which are herein referred 
to and in the experimental teste, no mention has been made of 
insulators with cups containing oil for reducing the surface leak- 
age. Insulators of this kind were used in the Frankfort-Lauffen 
experimental transmission line at 30,000 volts. Practically, how- 
ever, the surface insulation is adequate without oil cups aud 
the principal duty of the insulator is to prevent the current 
passing over the surface and jumping to the pin or cross-arm, 
a matter with which the oil would have nothing to do. 

Telephone lines are in use in a number of plants placed on the 
poles which carry the transmission wires. The telephone lines 
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are usually placed some distance below the transmission wires 
and are crossed at frequent intervals. The telephones in gene- 
ral work very satisfactorily. 

There appears to be practically nothing in power transmission 
in Europe using high potentials outside of Switzerland. The 
installation in Paderno in Switzerland is operating at 15,000 
volts, the highest voltage which has been used in that country. 
The damp weather is one of the limiting factors. The insulators 
used are porcelain with a triple petticoat. 


40,000 Vorrs IN COMMERCIAL SERVICE. 


5. ze ay 7 vL o qaia 


Б” A 


‚Кто. 16.—Insulator used at Provo for 40,000 volts. 


The highest voltage which is used for transmission is in the 
Provo plant of the Telluride Power Transmission Company in 
Utah, which transmits power 35 miles to the Mercur mills at 
40,000 volts. Raising transformers are three in number and are 
connected іп thestar form. Each transformer has a capacity of 250 
к. w. The middle points of both the high-tension and low-ten- 
sion circuits are grounded. In general design these trans- 
'formers resemble the transformers used in the high-tension 
tests at Telluride; the design and construction having been under 
the direction of the same man in both cases. The line extends 
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from Provo at an elevation of 4,500 feet to Mercur, at 2,000 feet 
above Provo, and the line reaches an extreme height of about 
10,000 feet above the sea level. Three miles of the line are 
strictly mountain construction. The lightning protection is 
afforded by choke-coils and Warts non-arcing metal arrestere. 
‘The insulators are of glass. Тһе design was based on the tests 
at Tellyride and they were made especially for this plant. The 
form is shown in Fig. 16. The insulators are held on special 
pins of oak which are thoroughly paraffined. The lower part of 
the insulator is 5” above the cross-arm. 

In dry weather there has been no difficulty whatever in oper- 
ating. The insulators do their work as effectively as could be ex- 


Fic. 17. —Insulator used by Colorado Electric Power Company for 20,000 volts. 


pected if the voltage were only a few thousand volts. When 
everything is dry, the line will operate without difficulty, even if 
some of the insulators are off and the wire rests upon the cross- 
arm. When,;it rains there is sometimes trouble. It is indicated 
in the station by the ammeters giving quick swinge, showing mo- 
mentarily strong currents. Sometimes this is apparently a short- 
circuit and blows a fuse. Iu every case when there has been 
trouble on the line it has been in rainy weather, and broken insula- 
tors have been found which located the trouble. It is certain that 
in most cases these have been previously broken by bullets, and in 
other cases it is probable that the insulators were likewise broken. 
It is believed therefore that had there been no intentional break- 
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age of insulators there would have been no trouble upon the line 
since the plant began operating in February last. A few of the 
insulators near the station are not far from the overflow and are 
in a moisture equivalent to a rain all the time without doing any 
damage. Snow has often backed from the cross-arm up against 
the bottom of the insulator and around the first petticoat. It is - 
usually found that the part of the insulator around and near the 
wire does not receive deposits of moisture or frost but remains dry, 
the particles being repelled. At this plant, current for about 
TOO н. P. is carried through three fuses of copper wire 0.01" 
in diameter. Iron wire is used оп a branch line for trans- 
mitting about 100 н. р. for about 3 miles. 

This plant has been in operation in winter and in summer, 
“in thunder, lightning or in rain,” the sole supply of power 
for the enormous De Lamar mines and mills, at Mercur, and is 
a happy and fitting consnmmation of the high-tension tests de- 
scribed in the beginning of this paper. 


Limirations or Hiag-VorLTAGE TRANSMISSION. 


The important cominercial question is: To what distance can 
power be transmitted? The relation between distance and volt- 
age is well known. The eame weight of copper can transmit 
with equal efficiency the same power to any distance, provided 
the voltage isincreased directly as the distance is increased. The 
limiting commercial ratio between voltage and distance is easily 
found. If the distance be three miles per 1000 volts and the loss 
16%, the cost of copper is about $20.00 per н. Р. The interest 
on the latter investment is about $1.00 per year. A distance in 
miles equal to three times the number of thousand volts may 
therefore be covered without an excessive annual charge регн. р. 
for copper. The limits to the voltage which are practicable 
depend principally upon the insulator and upon the loss between 
wires. | 

The Insulator—The two fundamental requirements are dielec- 
tric strength sufficient to prevent puncture, and a size and form 
which will prevent the passage of the current around the insula- 
tor. A given insulator will be adequate for a higher voltage 
where the atmosphere is comparatively pure and dry, than it will 
be under other conditions. The rapid progress which has been 
. made in the design and construction of insulators during the last 
few years, will doubtless provide an insulator which will accom- 
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modate the highest voltages that can be used due to other limita- 

tions. The insulator therefore while remaining the critical point 
in a transmission system will probably not determine the limit of 
practicable voltages. 

Loss Between Wires—The loss between bare wires at high 
voltages seems to determine a positive limit, beyond which the 
voltage cannot be increased. This loss is subject to variation 
due to diameter of wire, distance between wires, and wave form 
of the е. м. F., but the variations which may occur under favor- 
able commercial conditions locate the point of increase of loss 
about 50,000 or 60,000 volts. Under favorable conditions this 
may be raised somewhat, but it ів not probable that any material 
increase can be made. 

Amount of Power—The amount of power to be transmitted 
involves some interesting commercial limits. There are certain 
elements in a transmission which do not vary greatly with the 
amount of power transmitted. Thus, the charging current to the 
line will be practically the same whether the wire will transmit 
1000 н. р. or 100 н. р. If the charging current happens to rep- 
resent 300 n. р. it would be insignificant in one case, but for the 
smaller output it would require generating apparatus several 
timea that necessarv for the actual power. 

It is not mechanically practicable to use wires as sinall as would 
be sufficient, in so far as conductivity is concerned, for trans- 
mitting a small power. For example, a No. 7 copper wire, 
which is as small as is ordinarily used, if employed in а 3-phase 
circuit fifty miles in length, will transmit over 1000 x. w. at 
40,000 volts with 10% lose. If only a few hundred kilowatts 
were to be transmitted, the cost per k. w. would be excessively 
high, and on the other hand a lower voltage could be used with- 
out undue Joss. In some cases, indeed, where a high voltage is 
used for small power, as for example on a branch circuit, an iron 
telegraph wire would have ample conductivity. In other cases 
an aluminium wire could be used to advantage, as an aluminium 
wire of the same conductivity as a copper wire has only about 
half the weight, and possesses greater mechanical strength in 
comparison to its weight. | 

It may also be noted that high-voltage transformers cannot be 
economically built for small output, as the insulation spaces re- 
quired are so large. The cross-section of the copper is often not 
more than 10 or 20 per cent. of the area of (the.opening in the 
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iron. The cost per x. w. increases very rapidly when the size of 
transformer falls under a few hundred x. w. 

Cables and Conduits.—The overhead transmission line has 
been considered, and its limitations are the insulating strength of 
the insulator and the losses through the intervening medium. 
In a cable or a conduit the insulation must be provided continu 
ously instead of at points a hundred feet apart. Rubber covered 
cables are made for 10,900 and 20,000 volts but it is quite possi- 
ble that it will not be commercially practicable to make cables 
for much higher voltages. The effect of continued electric 
stresses on the insulation of the cable, which is an unknown fac- 
tor, may prove to bea very important one. <A conduit com- 
posed of a pipe containing oil, in whieh the wires are separated 
by glass tubes has been proposed. Many mechanical difliculties 
arise in constructions of this kind; the cost is high and the ac- 
tion of continued high voltages on solids and liquids opens a 
field which is little known. A suitable insulation on the wires 
on high-voltage lines may enable higher voltages to be used than 
сап be used with a bare wire. 

Liquid air with its high insulating properties and the low tem- 
perature and consequent high conductivity which it would give'to 
a conducting wire may enable us to use air insulation in a new way. 

Difficulties апа PPrecautions. —Digh voltages have been re- 
ferred to in this paper with perhaps undue familiarity. Famili- 
arity with high voltages is not one which breeds contempt. A. 
voltage which can produce sparks several inches in length, which 
can be felt through several feet of air, which causes hissing 
sounds, which produces luminosity and which in a confined room 
generates strong odors of ozone, is one which creates profound 
respect. Dangers and difficulties accompany it and the highest 
intelligence, vigilance and excellence must be employed to avoid 
accident and ensure snecess. While ordinary types of construc- 
tion do not seem to reach their limitations until some 50,000 volts 
is reached and pressures of this order have been and are in regu- 
lar use, nevertheless they are not to be used indiscriminately or 
where they can be avoided. There are difficulties enough in 
handling 15,000 and 20,000 volts. As the pressnre is raised the 
liabilities to trouble increase at an alarming rate. It is, however, 
a fact that these voltages have been and can be used, and also 
that no new or modified methods of transmission will be required 
before 50,000 or 60,000 volts can be employed for) distances up 
to 150 or 200 miles. 
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APPENDIX A. 
INSTRUMENTS AND MkrHops Usep iN TELLURIDE MEASUREMENTS. 


[Extract from report of Mr. Mershon.] 


“ The Wattmeters—At first, all the measurements of power were made in 
the low-tension circuit. 'The attempts to measure the power delivered to the 
line by taking the difference in the readings of the wattmeter in the low-ten- 
sion circuit of the transformers when the lines were on and when they were off, 
proved worse than useless. This was due to the fact that throwing on the 


Fie. 18. 


lines distorted the E. M. F. wave impressed on the transformer. As a result, at 
low voltages, readings obtained in this way indicated a negative line loss, and 
it was only when the voltage was raised to such a point that the line loss was 
greater than the reduction in iron loss, due to the Е. м. Р. distortion, that posi- 
tive results could be obtained; such results were of course incorrect. In order 
to overcome this, it was determined to balance on the wattmeter the effects of 
the iron loss in one of the power transformers against that of the other in such 
a manner that both transformers would be subject to the same Е. M. Р. distor- 
tion, and the iron loss would therefore at no time register anything on the 
wattmeter. The line loss could then be measured directly: This was accom- 
plished as is shown in Fig. 18. 
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* Here the transformer which supplies the line is designated as the ‘power 
transformer', while that which is used in balancing the iron loss of the power 
transformer is called the ‘ balancing transformer’. As was stated in the 
description of the transformers, the power transformer has four of its low- 
tension coils in multiple for receiving power, while the fifth or middle low- 
"tension coil is independently used in connection with the measuring instru- 
ments. This middle coil of each transformer is shown in the sketch, and it is 
through these coils that the balancing transformer receives its voltage. "That 
is, onethird of the middle coil of the power transformer feeds one-third 
of the middle coil of the balancing transformer. With such an arrange- 
ment, the balancing transformer receives practically the same wave form 
as that impressed upon the balancing transformer, no matter what the amount 
of wave form distortion may be. a is the field coil of the wattmeter. It has 
two windings. ‘Through one of them, the primary winding, passes the current 
to the power transformer; through the other, the secondary winding, passes the 
balancing current—the current to the balancing transformer. Аз these cur- 
rents are in opposite directions.in their-respective windings, when adjusted tothe 
proper values, their effects on the shunt coil of the wattmeter annul each other. 
It is evident that if a only were used, & balance for iron loss when the lines 
were off would not necessarily mean a balance when the lines were on, because 
the change in current due to putting the lines on would cause a change in the 
reactance E. M. F. of the secondary of the wattmeter field coil, and consequently 
a change in the balancing current through this secondary. The air transformer 
B is therefore used: B is preferably, but not necessarily, exactly similar to the 
field coil a, and supplies an E. M. F. in its secondary exactly equal to and in 
step with that of the secondary of 4. "These two secondaries are connected in 
series, so that their E. М F.'s oppose, and through them both, is sent the bal- 
ancing current. The secondaries of a and B are not connected directly in series 
with the circuit connecting the middle coils of the power transformer and bal- 
ancing transformer, but are included inthiscircuit through the medium of a series 
transformer, c. с makes possible the adjustment of the balancing current to 
the value necessary for zero wattmeter reading when the lines are off, and it, or 
some equivalent device, is necessary because of the impossibility of securing 
two transformers with exactly the same iron loss. Indeed, in this particular 
case the ratio of the hysteresis to the Foucault current loss differed sufficiently 
in the two transformers to necessitate adding in shunt to one of them an ohmic 
resistance which made up for the lack of Foucault current loss in it. This 
method of reading power is, if properly carried out, a most admirable one, and 
has the advantage that the instruments to be handled are all in the low-tension 
circuit. The balance may be obtained without difficulty, and when once 
properly obtained holds through all ranges of voltages and distortions of wave 
form. Tests of this balance were made repeatedly with the lines off, by varying 
the impressed Е. м. F. through wide ranges and distorting the Е, M. F. wave, the 
distortion being produced by introducing in series with the power transformer 
large amounts of both resistance and reactance. In every case the balance was 
perfectly preserved. There is one drawback, though not a serious one, to the 
method as here employed. The power transformer, because of the load upon 
it, heats up faster than the balancing transformer, and the balance is in соп. 
sequence impaired. The amount of unbalancing is, however, small, even for, 
wide difference of temperature, and it can be easily corrected for by means of 
zero readings taken before and after a set of observations. This unbalanc ng, 
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due to unequal heating, could be rendered negligible by placing the power 
transformer and the balancing transformer in the same tank of oil. 

* Although in this case the balancing transformer was of the same size as the 
power transformer, it may be much smaller, though both transformers should 
be worked at the same induction. Of course it is not necessary that the bal- 
ancing transformer have a full set of windings. It need only have a coil suit- 
able for receiving E. M. F. impressed upon it. 

*' The watuneter actually used in this work (shown in Figure 19) consists of 
a field coil so mounted that a Weston wattmeter can be slid in and out of it, 
and different ranges thus obtained. The scale originally on the watimeter was 
replaced by one of equal parts. The wattmeter's own field coil is not used at 
all, the field being supplied wholly by the large external field bobbin., The 
voltage impressed upon the wattineter shunt coil was at first obtained from the 
auto-transformer above men- | 
tioned, but later it was ob- 
tained directly from one-third 
of the middle coil of the power 
transformer by the use of an 
additional resistance or multi- 
plier. The winding of the field 
bobbin- consists of 72 turns 
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Ето. 19. —Wattmeter with External coil, used in Tests at Telluride, 


of a cable composed of seven No. 8 double cotton-covered magnet wires which 
were twisted together after having been separately treated with ‘ P & B’ insu- 
lating compound. 

** The wires are brought out separately to terminals on the top of the bobbin, 
and can be used singly or in any desired series or multiple combination. They 
were, for this work, connected up into two sets, forming the primary and sec- 
ondary of the wattmeter coil. The size of this field coil, necessitated by the 
size of the wattmeter box, gives it a large reactance, and as this has added to it 
the equal reactance of the air transformer, the reactance of the combination is con- 
siderable. This is objectionable because of the consequent distortion of the 
generator E. M. F. wave, for though the results obtained under these conditions 
are accurate, they are in some cases the results of conditions differing widely 
from those which will ordinarily be met with in practice. The combined react- 
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ance of the field coil and the air transformer at а frequency of 60, when passing 
а current taken by а power transformer supplying the line, is 2.88. The cur- 
rent used in obtaining this figure probably differed somewhat from a sine wave. 
If the wattmeter were specially constructed with a view to this work, the move- 
ment being surrounded as closely as possible by the protecting case, the exter- 
nal field coil into which the movement projected could be made small enongh 
to reduce the reactance to a negligible qnality. In designing a wattmeter for 
this work, it should be borne in mind that it must measure under the condition 
of a very ‘small power-factor. 

‘‘In these notes the term ‘ Weston wattmeter’ is meant to include the field 
bobbin of the wattmeter and the air transformer used in connection with it. 

'* After the above wattmeter had been in use for some time, another was 
obtained for use in the high-tension circuit. It is a Thomson inclined-coil 
instrument, whose fleld coil was rewound for this work. In connection with 
this wattmeter are two external resistances—the one with a resistance of 1,202,- 
800 ohms, for use in series with the shunt, circuit of the wattineter; the other 
with & resistance of 8,495 ohms, being equal to that of the wattmeter shunt 
circuit and intended for use in shunt to the latter, in which case the wattmeter 
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shunt coil receives only one-half of the current in the shunt cireuit. When in 
use, the case of the wattmeter was connected to one of the wattmeter shunt 
terminals, so that the inside and case of the wattmeter were always at the same 
potential and the case formed a screen against any external electro-static 
effects. This wattmeter was of considerable value as furnishing a means of 
studying the effect of the distortions due to the Weston wattmeter, and also to 
the readings at low frequency, since in the latter case, it was necessary to use 
both transformers as power transformers, which left nothing for use as a bal- 
ancing transformer. ln the notes this wattmeter is designated as Thomson 
wattmeter. 

* The Ammeters—The ammeters used were two Thomson inclined-coil instru- 
ments. They had a capacity of one-half and two and one-half amperes 
respectively. They were put directly into the high-tension circuit, the cases 
being connected to one terminal of the instrument. 

'* The Wave Form Apparatus—The method of taking wave forms was that 
devised and published by the writer, [Mr. Mershon], in 1891. It is an instan- 
taneous potentiometer method, employing a telephone receiver to indicate a 
balance. The connections are those shown in Fig. 20. 
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"A C is the source of the alternating E. M. F., whose wave form is to be 
plotted, 8 is & double-pole switch for reversing the alternating current ter- 
minals, c is the usual instantaneous contact device, T is & telephone receiver. 
vM іза D. C. voltmeter—in this case the Weston laboratory standard, в is а 
resistance along which the contact P can be moved. р сіз а source of direct 
current—in this case a direct current dynamo feeding the resistance R. The 
contact c being set at any desired point, the value of the E. M. F. at the instant 
of contact is determined by moving P backward or forward unti] there is no 
sound in the telephone T. The reading of the direct-current voltmeter v M 
gives the desired value. The E M. Е. А. c was obtained from the same source as 
the x. M. F. for the a. c. voltmeter, z.4., from an auto-converter connected across 
one-third of the middle coil of the power transformer. 

"The Speed Indicattun—The indication of proper speed, or rather frequency, 
was obtained from the vibration of a weighted steel wire hung in front of the 
poles of an alternating electro-maenet energized by the machine supplying power. 
The wire always vibrated at the frequency for which the suspended weight was 
adjusted, and ceased to vibrate when there was any appreciable deviation from 
this frequency." 


APPENDIX В. 


CALCULATED CHARGING CURRENT TO TWO PARALLEL WIRES. 


LENGTH, ONE MILE; 10,000 VoLTS; SINE WAVE. 


The charging current to a single-phase line one mile long has been calculated 
from the formula for capacity between wires and on the assumption that the 
E. M. F. is a sine wave. Тһе results are given for several cases and as the varia- 
tions between the quantities given are not very great, intermediate values can 
be readily interpolated. The current varies directly as the length of line, the 
voltage and the frequency. 


Size of Wiic—B & S. No. 8 No. 4 No. 1 No. oooo 1* diam. 


Distance between 


centers of Wires. Amperes at 6o cycles. 


13 inches. .032 .03$ .038 0414 .053 
24 e .0284 0309 .0328 0362 .043 
48 за .0252 . .0274 .0369 


.029 | .0313 


A mperes at 25 cycles. 


0139 0137 „0179 


12 inches .0133 0146 .0158 .0172 .0221 
.0118 .о121 0154 


AMERICAN INSTITUTE OF ELECTRICAL 


ENGINEERS. 


New York, September 28th 1893. 


The 127th meeting of the American INSTITUTE oF ELECTRICAL 
ENGINEERS was held this date at 12 West 31st Street, and was 
called to order by President Kennelly at 8:20 P. M. 

The Secretary read the following names of associate members 
elected at the meeting of Council in the afternoon. 


Name. Address. 

CARTER, FREDERICK WILLIAM Lecturer in Electrical Tech- 
nology, City &nd Guilds of Lon- 
don Тш. Exhibition Road, 

London, S. W. 

Supt. and Treasurer, Andover 

lectric Co., Andover, Mass. 


CoLEMAN, WALTER Н. 


Donus&ry, Henry L. General Manager and Engineer, 
Madison Gas and Electric Co., 


Madison. Wis. 

Secretary, Treasurer and General 
E The Kearney Electric 
Co., Kearnev, Neb. 

Electrical Engineer and General 
Manager, Ward Leonard Electric 
Co., Bronxville, N. Y. 


Chief Electrician, Western Tele- 
hone Construction Co., 88 
laine Place, Chicago, Ill. 

Engineer, Sprague Electric Co., 

South Orange, N. J. 


Frank, Gro. W., JR. 


MANSFIELD, R. H., Jr. 


MILLER, Kempster В. 


RosENBUSCH, GILBERT 


Supt. Cia. de Luz'y Fuerza Mo- 
triz Electrica, Guadalajara, 
Mexico. 


Counsel and Technical Engineer, 

of the Campagnie des Trans- 

rts Electriques del Exposition, 

aris, France; residence, 16 rue 
Ganneron, Paris, France. 
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Tompson, Jonn WEST 


Triprer, HENRI 


Endorsed by 
Edwin J. Houston. 
A. E. Kennelly. 
A. J. Rowland. 


Chas. B. Burleigh. 
Sidney B. Paine. 
C. D. Haskins. 


M. C. Beebe. 
D. C. Jackson. 
C. F. Burgess. 


D. C. Jackson. 
H. Ward Leonard. 
F. S. Holmes. 
F. A. Pickernell. 


S. G. MeMeen. 
Fred'k Bedell. 
Harris J. Ryan. 


Frank J. Sprague. 
ramp Torchio. 

R. W. Pope. 

F. A. C. Perrine. 
F. V. T. Lee. 
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WAGNER, HERBERT A Сеп. Supt., Missouri Edison Elec- T. C. Martin. 
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Electric Mfg. Co., 415 Locust Wm. E. Geyer. 
St., St. Louis, Mo. 
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Electrical Engineering, Montana S. B. Fortenbaugh 
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THe Presipentr :--Тһе paper for the evening ів on the “ Pho- 
tometry of the Enclosed Alternating Arc,” and copies of the paper 
are already in your hands. We are not fortunate enough to have 
Prof. Matthews with us, but the Secretary will kindly read the 
paper on his behalf. 


A paper presented at the 127th Meeting of the 
American Institute of Electrical Engineers, 
New York. September 28th, 1898, President 
Kennelly in the Chair. 


THE PHOTOMETRY OF THE ENCLOSED 
ALTERNATING ARC. 


BY CHARLES P. MATTHEWS, W. Н. THOMPSON AND J. E. HILBISH. 


INTRODUCTORY. 


The enclosed are of the direct current type has received а. 
noteworthy development at the hands of Marks' and subsequent 
workers. It has been the subject of more or less experimental 
study by Houston and Kennelly, Freedman,’ Hesketh,’ Nichols* 
and a number of others on both sides of the Atlantic. The en- 
closed arc of the alternating current type is of somewhat more 
recent development and has received less attention experimen- 
tally. It was with the thought of observing something of the 
behavior of this latter type of illuminant that the data of the 
following pages were taken. 


THE PHOTOMETRY OF THE ARC. 


Are light photometry, in so far as it involves the mere deter- 
mination of luminous intensity? yields unsatisfactory results for 
three chief reasons: The first of these is the marked difference 


1. London Electrician, xxxviii, 615; March 5, 1897. See also “ Proc, Elec. 
trical Congress," Chicago, 1893. 

2. TRANSACTIONS, xiv, 361; August, 1897. 

8. London Electrician, xxxviii, 798 

4. Sibley Journal of Engineering, xi, 368; June, 1897. 

9. That our photometric nomenclature needs standardizing can not be 
doubted. The quantity that has been called candle-power is hardly appropriate 
if the Hefner unit be used. If we have arrived at the pagsing of the candle, 
should not eandle-power go ? This same quantity is variously styled tntenatty, 
total intensity (Palaz.,) luminous intensity and brightness (Nichols). The unit 
of illumination also goes by several names. 
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in quality between the light of the are and that of any of the 
ordinary standards. The photometrist realizes the generally un- 
satisfactory character of the existing standards* for the study of 
sources of a quality similar to that of gas light. Nevertheless, 
he is vastly better off, in this respect, than he is in the matter of 
a standard of suitable quality and intensity for arc light meas- 
urement. The eye estimates accurately an equality of brightness 
in two surfaces, only when those surfaces are of the same tint. 
Moreover, witli a color difference, the judgment of an equality 
differs with different observers. It should be said, however, 
that'the difficulty arising from difference of color is less trouble- 


Fic. 1. 


some in the case of the enclosed arc than in the case of its pro- 
genitor, the open are. The inner, opalescent globe absorbs the 
rays of short wave-length in greatest proportion, a fact which 
brings the color of the arc nearer that of the standard. When 
an outer globe of milky glass is used—the standard being a glow 
lamp maintained at, or above, its normal voltage—there is no 
annoyance from color difference. 

The second obstacle to careful measurement, is to be found in 
the variability of the quantity to be measured. These variations 
are largely due to the wandering condition of the arc—a pecu- 
liarity that is especially noticeable in the open alternating are, 


6. See report of Nichols, Sharp and Matthews, TRANSACTIONS, xiii, p. 133, 
May, 1896. 
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and in both types of the enclosed arc. Indeed, it is to this 
feature of the enclosed arc that the flat-ended carbons are due. 
The change in luminous intensity corresponding to a shifting 
in the position of the are from one side of the carbons to the 
other side is enormous. Curves of horizontal intensity showing 
the magnitude of these changes have already been published". 
An attempt to get at the intensity of such a source by a few 
readings might easily lead to results discordant by 100 per 
cent. or more. The only hope of securing a result that will 
show the mean intensity of the arc is in taking a large number 
of settings, distributed, as to time, with some degree of uni- 
formity. To accomplish this it would seem desirable to do away 
with the considerable and variable interval of time used,in the 
ordinary process, in reading the bar. This end was reached by 
the use of a mechanical device for recording a setting as soon as it. 


| | 


Fic. 2. 


is made. The essentials of this device will be readily understood 
Írom an inspection of Fig. 1. Its collateral advantages, for the 
study of personal error and for other photometric uses, have 
been dwelt upon in a note published elsewhere*. For our pres- 
ent purpose, it is sufficient to point out that it permits the 
observer to keep his eye continually trained on the photometer 
disk, so that all the major fluctuations may be readily followed 
and recorded, and this, too, without the visual fatigue resulting 
from introducing light into the photometer room. The act of 
depressing the rod 7 makes a permanent record on the paper sur- 
rounding the drum, and at the same time advances the drum во 
that the record may be subsequently identified. 

The inaccuracy of photometric settings, due to the causes just 
mentioned, is perhaps more a question of process than of prin- 


7. Nichols, loc. сй. 
8. Matthews. Current number of the Physical Review. 
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ciple. There is a third and more fundamental source of trouble 
—one, indeed, whieh brings into question the validity of the 
term “candle-power”’ as а measure of worth in illuminants. 
For the sake of clearness, let us first consider what the term 
means. A 16 c. r. lamp, for example, is one that produces at a 
distance of four units the same illumination that one candle 
produces at one unit. That is, if two similar surfaces be illu- 
minated separately by these two sources at these distances, and 


if they be viewed in juxtaposition from the same direction, they 
appear equally bright. This is, in fact, what the photometer 
shows, and is really all that can be affirmed as a result of the 
comparison. Having established a distance ratio of 4:1, the 
observer applies the law of inverse square to calculate an in- 
tensity ratio of 16:1. This intensity ratio is numertcally equal 
to the illumination ratio on two surfaces at unit distance, but it 
is important to note that an observer would be quite unable to 
assign & numerical value to the relative illumination of these 
surfaces. In other words, the optical stimulus varies as the 
inverse square, but. by Fechner’s law, the sensation varies as the 
logarithm of the stimulus—a fact of which we can not take 
direct cognizance. Thus the intensity or *eandle-power" ratio 
of two sources is a derived. quantity, of indirect significance, 
whose chief value is to be found in the fact that it enables one 
to calculate an indefinite number of pairs of distances, at each of 
which will be found an equality of illumination. If two sources 
be compared by some method which takes account of their 
quality and which gives as a result the ratio of their total 
luminosities — determined, say by the relative value of their com- 
ponent rays in distinguishing characters—something quite differ- 
ent from their “candle-power” ratio may be obtained. These 
matters have already been brought to the attention of the mem- 
bers of the Instirvrk by Nichols’. Fortunately the luminosity 


ratio of sources of nearly the same color, is not widely different 
from their intensity ratio. Hence it is to be hoped that, in the 
acetylene flame or some similar source, we shall soon have a suit- 
able standard for the photometry of the are 


ADIUSTMENT AND STANDARDIZATION OF APPARATTS. 


For the photometric measurements, a Krüss-Bunsen photom- 
eter was used. The method adopted was the usual one of a 
swinging crane in connection with a 45° nfirror;.; The total dis- 


— ——— sd 


9. TRANSACTIONS, vi : 158, May, 1889. 
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tance between sources was 829 cm. The coefficient of reflection 
of the mirror was determined by the use of two glow lamps con- 
nected in multiple. The lamp nearest the mirror was mounted 
at the end of an arm capable of being swung through an angle 
of 90°, as indicated in Fig. 2. This arrangement maintains the 
same length of bar with and without the mirror—a fact which 
makes for simplicity in the calculations. For the coefficient of 
reflection the first values obtained by three different observers 
were: 
н, .828 T, .826 M, .82. 


An inspection of the image of the are in the mirror gave rise 
to the belief that the absorption of the luminous rays was in 
some degree selective—an undue proportion of the violet rays 
being taken up. Were this the case, the value of the coeflicient 
determined by glow lamps would be incorrect for use with the 
are itself. To test this matter, the electromotive force on the 
lampe was varied through a wide range and a determination 
made for each change. The values found were: 


TABLE I. 
"Volts on Lamps. Reflectipng Power, 

DOC Cewkrexe En CR dod esa RR GA s ые or OL M. dU RU AUR .824 
108 (ins Vea e EE Kio oe ada READS su eene Va e dA TIL da dE .805 
119.54 Saa ex ae ———— m ‚ .785 
ЪТ ик ОРОС dI CIEN Rade RUD A жй кыйы ТУТСА ‚800 
199 icc ded ужун S Aa EE RELEASED ККК eee ee Sheeler. .782 
Pr CD .886 
jp m ———— ————— Ho — —Á—! .808 
INT voa eek ck ER Ee eo dba uL OR VOR CRURA VUE 825 


Although the change in the quality of the light was very marked 
in this experiment, the results do not indieateany regular change 
in the coefticient of reflection such as was looked for. Hence, 
in all subsequent measurements, the mean of these various deter- 
minations, namely .814, was used. 

The standard source was a glow lamp; it was referred after 
each test to the Hefner lamp. Electrical measurements were 
made by various portable voltmeters, ammeters and wattmeters, 
all of which were repeatedly referred to Kelvin balances. 


REsULTS ON THE ALTERNATING ARC. 
A number of enclosed arc lamps, in their commercial form, 
were kindly placed at the disposal of the writers by their respec- 
tive manufacturers. Aa this paper has no, other (орјесі жап to 
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exhibit such features of the performance of these lamps as are 
largely typical, the trade names of the lamps are withheld. 

| | / ps i / 

А; Ex. | | 


| 
| 
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80 90 


Fie. 8.—Distribution of Intensity. Lamp A. 


For each position of the arc, no fewer than 44 photometric 
settings were recorded. It was found that this number was 


1893.] ON ENCLOSED ALTERNATING ARC. 586 


sufficient to include the maximum and minimum values, and a 
sufficient number of intermediate values to give a mean that 
could be reproduced quite closely at different times, thus show- 
ing the reliability of the method. 

Lamp A.—The distribution of intensity from this lamp is 
shown in the polar diagram of Fig. 3; the figures for the curve 
are as follows : 


TABLE II. 
Angle. Intensity. 
O° borizóntal; cies жшке DEAE ERN M Мае IPS 121.4 н. v. 
10° above. ..... nia GeO MER ыиы we weak eases arae Ms 169.0 
QU WE - aioe ates be eee УРГУ ГГ Г УТТА 155.0 
BO SS Seeker ESCALA Qu WM A EMEN ERR AK M 189.0 
AD ЖЕ окове Sub be sevi d a road cM d 170.0 
GO Cf сл ыыр ккк D Ex PEN OT e VP addi ss 40.5 
60 **. nive x. Sie wesecssre.kveVRVRCEEPS SG EUER 22.4 
10 Бе sco ее was Saas bes. ones EE ea CEU 164.5 
DO олег Ir 184.7 
OO вео TUE NIU icd (gU Pan ERRAT wee 107.4 
407 co сулен Dev аон eS Nu sa ana 187.5 
GO Mc PER — ieee et 208.0 
GOS SR y antera eeue AVETE E LUPIS Т 180.5 
NO? ЖЕЗ oues. элаз Se ee ЛИ Ө AEN E S 82.6 
SO" OS" ouo oe ad ee Bien se MATS LE OE eed e aa ease 64.0 


The following is a summary of the results of the test of this 
lamp: 


TABLE III. 

foi UT € 108.2 
V5.2: Pt 5.84 
Apparent Watts... 0.0 cccces 0...0... ооо ооо ооеое неона 602. 
True уаібз................. е р Ие Иа que 407. 
Watts іп тесһапїзш................ .......... EESAC die 80. 
Power factors «ove os cee cb die ае eu SESS оре A eS 0.67 
Maximum intensity: еее енер аана 208. 
Direction of maximum intensity............. PX ROLE below 50° 

"i $^ ae ee — Кака ӨН above 30° 
Mean hemispherical intensity : 

Upper һетіврћеге..................... o ТООККО ОО EA 91.8 

Lower һешїзрһеге..................................... 129.1 
Mean spherical intensity.... ......... ..... ровон Ma as 110.5 
Watts per mean spherical Hefner цпі........................ 3.68 
Watts in arc per mean spherical н. U........... РЕ 2.96 
Watts іп are ....... Jar tees Vd saisie Sd a deat te EUR ee eee 327. 
Globes, character of............ ......... ЕА . opalescent inner. 


Сатбопв.................... AE EE % inch “ Electra.” 
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The lamp was intended for an electromotive force of 104 
volts, and the attempt was made to keep it at this pressure, but 
at the close of the test, the average electromotive force proved 
to be 103.2. The power factor is due to the inductance of the 


| 
XN 


2 


/ 


Fig, 4.—Distribution of Intensity 
from Open Alternating Arc. 
(Uppenborn.) 


mechanism, as it has been clearly 
established by Blondel’ that, 
in the аге itself, the electro- 
motive force and current are 
strictly in phase. It is easy to 
confirm this fact by current, 
pressure and power readings 
taken with reference to the 
are alone. 

The upper and lower lobes 
of the distribution curve do not 
yield the same mean values. 
The discrepancy is due, no doubt, 
partly to the fact that the bulb 
about the are is not of symmetri- 


. eal curvature, and partly to the 
| greater reflection from the parts 


of the lump situated just above 
the are. Theshape of the distri- 
bution eurve alters somewhat as 
the burning of the carbons pro- 
gresses. The general shape of 
the curve isnot far from that 
which has been obtained for the 
open are. For comparison, one 
of the several curves taken by 
Uppenborn! for the open arc is 
here shown. (Fig. 4.) In the 
enclosed are the lobes of the 
distribution eurve are shorter, 
blunter, and extend outward at 


smaller angles with the horizontal. These changes are due 
to the shape of the carbon points. It may be pointed out 
that the distribution curve as plotted above, is a half-section 


10. Blondel, La Lumiere Electrique, vol. 41, 1892. 


11. See Palaz, ‘‘ Photométrie Industrielle " or translation by Patterson. 
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of the mean photometric surface, which is a surface of revolu- 
iion. The actual photometric surface- so far from being a 


E 


| Fie. 5.—Distribution of [ntensity. Lamp B. 


surface of revolution—is continually swelling, contracting and 
twisting in a marvellous fashion. As to whether the light thown 
upward is of value, will depend on whether the Јатар ів suspended 
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in the open air or under areflecting ceiling. 
In most cases considerable benefit will be 
obtained by the use of a reflector, as is 
illustrated in the following figure. 

Lamp B.—This lamp was provided with 
a bell-shaped reflector of milky glass. The 
effect of the reflector on the distribution 


Хехе. 


30 


2$ 
Fie. 7,—Comparison of Illumination on Normal Plane, With and Without Shade, Due to Lamps A and B. 


Fie 6. 


curve is very noticeable, the upper lobe 
being largely removed. (Fig. 5.) The min- 
imum corresponding to the horizontal is dis- 
placed downward by about 10 degrees. 
This peculiarity cannot be ascribed to the 
presence of the shade, 
as it was found in one 
or two cases where the 
lamps were fitted with 
inner globes only. It 
is quite surely due to : 
the fact that the car- 
bons so burn, that the 
planes of their ends, 
although parallel, are 
rarely normal to their 
axes. Thus in the 
case illustrated in Fig. 
6, the minimum inten- 
sity might be found 
displaced either above 
or below the horizon- е 
tal, according to the x< E 
point of view. ЕЗ 


I$ 
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TABLE IV. 

Angie. ` Intenatty. 
Deg. H. U. t 

O-horizontal.. «e ero v aya Si OR week орнот наон ER UR FEES 160.0 
10 8SDOVOS qu VOCE. Exe x We Gee ена TERRE EAS. 90.3 
"AL eem 18.4 
SU ЧЄ andae ei A UE ques dames pamm cete d dd is a aces 12.8 
40 AE Maw age ine epROU E ELE SESS Eas oe TEES E EE DIA OE 11.5 
DO: emm 9.8 
LL c cR 8.4 
IO belOW ouod 2o des ae Eno IR TRA рае ea Genet 146.5 
P ML M 171.6 
dU. SE аеннан. Кара MS 180.0 
AQ: Жез I ырен аук A 2 ea dea RA Ure Eu d 196.0 
DAE cnm 112.0 
"mer 102.7 
ЧӨ; ЧЕ. cunc 65.4 
BOS AE- rr E 46.5 


That the effect of the shade is distinctly advantageous will be 
further evident if curves of illumination be considered. And 
here unfortunately we must resort to an approximation. Data 
was taken for an exact determination of the effect of the shade 
on lamp 5, but owing to an accident the figures are not now 
available. However, certain assumptions permit us to draw a 
comparison in the following way: Let 

/, = mean intensity of в above the horizontal and without shade, 

h= “ “ B below T « 6 

/,’ and J,’ be similar quantities as found for в with shade, 

/" = mean intensity of a below horizontal. 

Let it be further assumed that 30 per cent. of /, is absorbed by 
the shade. Now since the altered distribution from в is due 
wholly to the ehade—the light incident upon the shade being 
partially reflected, partially transmitted and partially absorbed— 
we have, if 7, = A, 

pu REA EA, 


ES QE CL. I IS de 192. 


which is the mean hemispherical intensity of lamp в without 
shade. If now the radii of the curve в are multiplied 
by the ratio 7": 7, we shall have the effect of putting the 
shade on lamp A. 

In plotting the illumination curves shown in Fig. 7, this last 
was done. Some difference of opinion exists as to whether the 
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ordinates of a curve? like this should be the illumination on а 
surface normal to the ray or on a horizontal plane. In Fig. 7, 
the illumination on the normal plane has been used, as thie quan- 
tity serves very well for the purpose of а comparison. It -will 
be noted that the benefit resulting from the use of the shade is 
most marked at distances remote from the lamp, which is as it 
should be. since there is no lack of light in the vicinity of the 
lamp., The following table gives distances at which an equality 
of illumination will be found: 


normal illumination. "etai Tue 

ОРЕ КО КЫЧ ЧЕРИ ТӘ СРЕ инн: 8.9 
Q0 Le dva bu ite v EAE WL, busta Ag ARRAY РЕ 8.8 
ДТО ak each Tema aacra y. E se ee eee ККК 9.5 
ООРЕНИР EA AP NL РЕА x Vua s 10.4 
o MT DT cares d era a awa aac 11.7 
LOO es ае oh eater es ОРОНОТ" 13.9 

Ade o a eat e dd a A C adea РАСЕ ра RIT 15.5 

DU C оа Ne OMA CREER aes (DI. 21.0 

УРЕТРИТ РЕ aaa QR qu 29.4 


Lamp C.—This lamp was provided with an outer spherical 
globe of milky glass. The data obtained for the distribution of 
intensity were as foliows : 


TABLE VI. 


Angle. Without globe. With gode- 
deg. H U. H. U. 
0 horizontal........... MEX 199.0 енн иаа eR 37.2 
10 абоуе............... ОР Тато саа (ace duos 42.8 
оО cisci гач xe ies ieee LOU пенен атас Seve? 42.7 
С м мин So recede: ТОРА cei tantas a Reds ... 88.4 
AQ. Mo неее Mixed SBI u ао e d V PCR 28.7 
DO 88 сатен аы ПРЕ DI mp Viu da 17. 
С ТУРРРУРРУУТ Р 180 iie pubes E we ьама . 11 
10 beloW... ................. 1260.0... eres BRA A AGO E 86.1 
2. eo ere A URN RA 189,8 0а codo ARE ENS RES 82.6 
BUS’. uucbeediceecinccinni. M0 E acies ОТООГО. d 
ПЕТТИОТ 117.0 ...... Va s wat Ve ee UV СО 80.0 
OO, WS igi. obe EM 120.0 ta vb Von) ne S e 28.2 
DU: beside beer аълаа BO Оаа erbe bas 30.7 
"m dcc OB К! vaca SER ie vais VEG 29.3 
Өр ЖЕ еен pha pb pis 4.0 sexe xd УС RAW ae ГГ. 24.7 


18. It is probable that the unit of illumination most consistent with the 
с. а. S. system is H. U. / cem.*. This unit is many times too large, however, 
and throws the numerical expression for an illumination far into the decimal 
places. The unit Н. U. / m.*, obtained by multiplying the first named unit 
by 10 4, is preferable in this respect. 
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some lack of accurate centering of the carbons. The peculiar 
shortening of the radii of the inner curve in the lower angles, 
baffled the observers for some time. It was finally found that 
the milky glass of the onter globe was much more dense in the 
lower hemisphere than in the upper, and the absorption was cor- 
respondingly greater. 

It should be said in connection with the inner curve that the 
amount of light cut off was in reality not so great as the figure 
indicates. The dispersion is so great, with a globe of milky 
glass, that the globe plays a strong part as a radiant. Now, the 
mirror used was not sufficiently large to furnish rays on the pho- 
tometer disk from all parts of the globe, and hence the lamp was 
not given quite full eredit for what it was doing. 

The results of the test of this lamp may be summarized as 
follows: 


TABLE VII. 

МОЕ акык sb E Жк ино Киыр i ER drei 110.0 
А реек. осоо Кайыкка. ЗЫН ЫАЛ Ка TE SE 1.0 
Apparent Walls sereis ck vec eee Fie teak Эз АЕ CT qe eis 770.0 
True watts.... .......... Ter Teer rere ee ee ee IET 484.0 
Watts in mechanism... ... ........................ TOT 116.0 
Power fácloE «vela VER CE VEA a а S eO. . 0.08 
Maximum intensity eese ces бе. обаа лаа a a 158.0 
Mean hemispherical intensity : 

Upper hemispheres ssec e qe ver Rd» E YR S... 68.5 

Lower (MEME oec erm 99.0 
Mean spherical intensity. ....... .................... orso 83.8 
Watts per mean spherical B. и.............................. 5.76 
Watts ID АРС а новна PEECERA EXTRA аак ара 364.0 
Watts in arc рег mean spherical н. 0........................ 4.84 
Globes, character of.................. Yrs ice ee ee opalescent inner. 
rj Ac CEP E E E TT E ** Electra.” 


In the course of the measurements on this lamp, the terminal 
electromotive force was varied between the limits of 87 and 118 
volts, and readings of intensity, power and current taken for 
each step. The results are plotted in Fig. 9. It will be noted 
that the power increases directly as the voltage; while the in- 
tensity is a rapidly increasing function of the voltage. The 
change in the current is slight. The high intensity at high 
voltage is partly due to the longer sre, but more especially to 
the higher temperature of the carbon points and consequent in- 
creased surface in the craters. 
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Fic. 9. — Effect of Varying Impressed Electromotive Forte. Dans C. 


FLUCTUATIONS IN THE INTENSITY. 
In Fig. 10 are shown the fluctuations in intensity which oecur 
in the enclosed alternating arc. With the recording device 
already described, it is possible to get settings of fair accuracy 
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with a considerable degree of rapidity, as is here shown. The 
large changes in intensity are plainly noticeable in watching the 
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arc, but the eye does not furnish an estimation of them com- 
parable with that to be gained from the curves, for the psycho- 
physieal reason already referred to. It will be noted that the 
higher values shown in Fig. 10 are of more infrequent occur- 
rence than the lower values. Indeed, it is only when the arc is. 
towards the photometer and flaring out in the manner shown in 
Fig. 11, so that both craters are inclined towards the disk, that 
these extreme values are obtained, and then they last but an 
instant. For all other positions of the arc, whether on the sides 
or on the back, only the lower values are obtained. 

Two causes, it was thought, might contribute to these fluctua- 


| 
V] 
ШЕ 
N^ 
| 
| 
Per cent fluctuation 


Minutes 


Fic. 11. Fic. 12. 


tions, namely, the changing length of the are and the ** wander- 
ing " character of it. To test this, the curve in Fig. 12 was taken 
with a fixed length of аге, the clutch being entirely out of action. 
The result plainly shows that the chief cause of the fluctuations 
is the hunting of the are. While the intensity varies with the 
length of the are, the motion of the carbons is so slight, in a well- 
regulated lamp, that it plays little if any part in causing the 
variations shown. 


COMPARISON WITH THE ENCLOSED DIRECT-CURRENT ARC. 


Lamp ).—Measureinents were made on a direct-current lamp 
of the same manufacture as lamp a, with a view of bringing this 
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type of lamp under conditions identical with those of the tests 
of the alternating arc. The lamp was fitted with an inner 
opalescent globe only. The distribution of intensity is as follows: 


TABLE VIII. 


Angle. Intensity. 

Deg. Н. U. 

Ü horizontal seva ahs E OE RN bk a e eei dem em et ees 218 
10 above.......... "m ЕФИР € 165 
20 UE inops pa aive аЙ АЕ acque s abes eR E . 237 
BO: оо du qu SUE AENEA mehr ата M TEE 159 
MES ЖР Л ТТ СС К О Л ТУ ОТК PER 144 
ОТИТ ОРГУ tee Ue okt Corals denies СОГ 121 
E rc 60 
10: DelOW. ЛО du a ОГУ ГЛ УГО Л ЛУО О aa 410 
M AE Lich Mirek oe a tt cevinivMeNes sy oend areca ans КТО ТГ 891 
DU. ЖЕ olotkqa PC E EN a Cora hene A E eR E D qd 841 
40. M: ОСОТ аана Nr Rex dab QU Aer a whe 871 
DU. e ооа ———— Aer еее РУТЕ 869 
GO: MESURE Tar 416 
MO E adu cae aeg BAe aw aan Seed ARES is ease wave buceo 112 
| ЖЕ pP EN ———— —— 106 


In Fig. 13, these values will be found plotted in the usual 
manner. This curve was taken with great care and may be ta- 
ken as typical of the distribution due to the enclosed arc fed by 
a direct current. The peak at 20 degrees above is due to the 
small crater of the negative carbon. Here also the depression 
in the eurve due to the low luminosity of the arc is found dis- 
placed by 10 degrees above the horizontal. This lamp will give 
an excellent illumination at points somewhat remote, because the 
curve is so full in the region just below the horizontal. A shade 
would still further improve the lamp in this respect. Detailed 
results are given in the following table: | 


TABLE IX. 

béo c" ET 108 
Ато регез: н ies жие Ya Pie on ona arce БЭ de Shaye Res 4.96. 
Watte. oo оар. p ER Put acd Arb RS ee RON Р .... 586. 
Watts іп mechanism....... jussa КОЙООР T 152. 
Maximum iotensity.......... depu ate asas em pq. “aun oe 410. 
Mean hemispherical intensity : | 

Upper hemisphere. ..... ... TT UO bedienen p aeos 106.5 

Lower hemisphere......... bee tela an Sita СТТ Т NE LT 288. 
Mean spherical intensity............ 2c eee cee ence eee nnne 197.3 
Watts per mean spherical н. и.............................. 2.72 
Linh T c 884 
Watts in arc per mean spherical H. и........................ 1.95 
GIODUS —P——————M— Opalescent inner 
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tested showed different degrees of economy lying between the 
limits set by these two. 

The writers feel justified in saying that the lamps of low econ- 
omy could, by improvement in mechanism, be brought to a per- 
formance equal to that of lamp a. All the lamps tested, with 
one exception, were furnished with the same brand of carbons. 
With similar carbons and similar globes, a difference in economy 
must be attributed largely to the mechanism. 

If the alternating arc be regarded apart from any regulating: 
device, the physical reasons for its poorer qualities as a light 
source are to be found in the lower temperature of the glowing 
points and in the diminished area of crater surface. In the di-. 
rect current arc, we find two bright surfaces of unequal area and 
of widely different temperature. In the alternating current arc 
we find two bright surfaces of the same area and of the same tem- 
perature. According to Rossetti, the temperatures in the first case 
are 3900 C. and 2700 C. Now the points in the alternating arc are 
as much positive as negative, and hence, whatever the unknown 
law connecting the temperature of glowing carbon with the in- 
tensity of the light due to it, we should expect the mean spherical 
intensity of the alternating arc to have a value intermediate be- 
tween the values of mean hemispherical intensity for the upper 
and lower lobes of the distribution due to the direct current arc.. 
A comparison of lamps a and p shows this point, although the total 
power is not the same. If the power consumption of the alter- 
nating arc were raised from 327 to 384, it is very probable that 
the mean intensity would be found raised from 110.5 to a con- 
siderably higher intermediate value. 

The values of the intensity of the direct-current lamp are 
lower than those found by some earlier observers. In fact, the 
enclosed are has been reported in some instances as quite equal 
to the average open arc. It is difficult to see how these results 
сап be accurate for a lamp fitted with an opalescent globe. The 
results of a test recently reported by Nichols agree closely with. 
those given for the direct current lamp in this paper. 


Electrical Laboratory, Purdue University, } 
Lafayette, Ind., September, 1898. j 
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Discussion. 


Mr. Louis B. Marks :—It is very seldom that one is treated to 
so concise and lucid a description of the limitations of arc-light 

hotometry as is contained in this able paper by Messrs. Matthews, 
оар апа Hilbish. For my part, Тиш that the first part 
of the paper, which goes into detail regarding photometry, is per- 
haps more important than the latter portion, which gives some 
measurements of the candle-power of the alternating current arc. 
So that I trust you will bear with ine for a few moments while I 
consider what is said in the paper with relation to the photometry 
of the are. 

Prof. Matthews says that the first reason for the difficulty in 
determining the luminous yield of an arc, is the marked difference 
in quality between the light of the are and that of. the standard. 
This is perhaps one of the most important dittieulties in are-light 
photometry. We are apt to he confronted, as Prot. Matthews 
points out, with a difference of color between the are- light and 
the standard. This makes it vei y dithcult to seta photometer 
carriage properly so as to obtain the true relative candle-power of 
two sources of illumination which differ in color. You will notice 
that in this paper the Hefner amylacetate lamp is taken ав the 
standard. ‘Lhe tinge of the tlame of this lamp is quite reddish, 
whereas the tinge of the alternating current are, as vou all know, 
is decidedly violet; so that, strictly speaking, we are comparing 
a violet light with a light that is red in "Color. Comparative 
eandle-power measurements of this kind are limited in value and 
are often misleading. 

I find on page 550 the statement that ~“ the inner, opalescent 
globe absorbs the rays of short wave-length in greatest propor- 
tion, a fact which brings the color of the arc. nearer that of the 
standard." 

Now, the question occurs to me, if we use such an opalescent 
globe, thereby altering the quality of the issuing light, are we 
obtaining a fair comparison between the candle-powers of the two 
lamps / ‘The nature of the | ight is undoubtedly changed in passing 
through this tinted glass, so that the results will depend upon the 
composition of the glass of the enclosing bulb. There is also 
another question, namely, the amount of light cut off by this 
opalescent globe. I ат not alluding to this now, but simply to 
the effect of the difference in quality of the light caused by the 
interposition of a glass globe absorbing a large percenta eof the 
violet or shorter wave: lengths of light. U nless a clear une globe 
be used, this medifieation in the character of the rays may con- 
siderably i impair the value of the comparative measurements. 

It is well knowu that light of one color impresses the eye with 
quite a different force than light of another color, and the inten- 
sity of the sensation—the physiological sensation determines to 
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a considerable extent the power of the light. 1 think that Helm- 
holtz stated that the sensation was a function of the luminous in- 
tensity and varied with different kinds of light. Of two lights, 
one of which is rich in blue and the other rich in red, the sensa- 
tion increases more rapidly for the red and decreases more rapidly 
for the blue for the same range of luminous intensity. [n order 
to make this a little clearer, suppose we have two lights, one of 
which is rich in the shorter wave lengths of the spectrum, and the 
other of which is rich in the longer wave lengths. Now, suppose 
these lights have the same candle-power exactly. If we then 
simultaneously double the quantity of light thrown by each on 
the photometer screen, we will find that the yellow light or the 
red light, as the case may be—the light of longer wave-length— 
will appear brighter than the light of the Bionic wave-length. 
Whereas, if you then suddenly decrease the quantity of light i in 
each case, you will find that the light of the shorter wave „length, 
that is the blue light, will appear brighter than the vellow light. 
Now, here is a condition of affairs that depends, it appears, on 
physiological causes, and is not taken into consideration bv the 
photometer in the measurement of the power of a source of 
illumination. I lay stress on tliese points because in interpreting 
the figures given by the authors of this paper, we must bear in 
mind that, although: the readings have been undoubtedly most 
carefully taken, the candle. power meesurements, which at best 
can have but a relative value, are subject to numerous limita- 
tions. 

On page 550, near the bottom, the authors refer to the second 
obstacle to careful measurement, namely, the variability of the 
quantity to be measured. “ These variations,” they sav, “аге 
largely due to the wandering condition of the arc—a peculiarity 
that is especially noticeable in the open alternating are, and in 
both types of the enclosed are.” And then they add, * Indeed, 
it is to this feature of the enclosed are that ane flat-ended carbons 
are due.” Now, is it not just the other way? Is not this feature 
of the enclosed are due, if anything, tu the flat-ended carbons ? 
The flattening of the carbon ends is due, not to the wandering of 
the are, but to the absence or partial absence of oxygen in “the 
enclosing bulb. When the carbons are enclosed, the oxygen is 
excluded, or has verv limited access, and the tips of the carbons 
are no longer subject to the same conditions of oxidation as exist 
in the ordinary are which burns in free air. Hence, the carbon 
ends become blunt or flattened. The are being quite small in 
cross-section and tending to lengthen as the earbons burn away, 
seeks the path of least resistance, and so gradually travels over 
the surface of the carbon ends. This wandering, or “ hunting” 
as it is sometimes termed, continues as long as the lamp is in 
action, and appears to be primarily brought about by the flattening 
of the carbon ends. 

On page 581 is mentioned a new instrument міс, think 
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will be a boon to all those who have use for a photometer. The 
mechanical device designed by Prof. Matthews for recording a 
setting as soon as it is made, will enable us to take quick and ac- 
curate readings. Many of us who have experienced the visual 
fatigue incident to the use of a light in the photometer room, 
will give a hearty welcome to this new device. Prof. Matthews 
is to be congratulated on the invention of this simple and inge- 
nious arrangement, which I trust will quickly find its way into 
hotometer rooms throughout the country. 

The third point mentioned is the question of the validity of the 
term * eandle-power, Although I do not intend to take up your 
time now with a discussion on this particular point, ] trust that 
others who have gone into it more fully than myself will expand 
on what is said here especially in relation to the term luminosity 
as compared with candle-power. This question is of great im- 
portance. It is safe to say that no measurement of candle-power 
per se ean give us a complete expression of the true illuminating 
power. One rs may have as much candle-power so-called as 
as another, and have a much smaller illuminating power. I think 
the question referred to here, on page 582, is one which should 
command our serious attention. | 

In making their measurements the authors used a Kruss- Bunsen 
pliotometer and a swinging crane in connection with a 45 degree 
mirror. I have made use of this particular arrangement quite 
often, and it has occurred to me that possibly there is sucha 
thing as selective absorption in the mirror. The authors employ 
glow lamps in determining the reflecting power of the mirror. 
In order to get a correct value of the coefficient of reflection they 
operate the incandescent lamps at 95 volte, at 105 volta, and so on up 
to 137 volts. They state that “although the change in the quality 
of the light was very marked in this experiment, the results do 
not indicate any regular change in the coefficient of reflection.” 
Their maximum value for this coefficient 18.836 ; their minimum, 
.782, making a difference of about 5% in the reflecting power of 
the mirror. Although they do not find the value of the co- 
efficient to follow any regular law with the increase in tempera- 
ture in the filaments, the authors may not be justified in taking 
the mean of these various determinations as a fair value of the 
coefficient of reflection for the arc. Have you ever noticed an 
enclosed are lamp, especially an enclosed alternating are with 
clear outer globe, on the street in front of а show-window? At 
night when the current is on, if you look at the lamp the small 
Y opted globe appears to be filled with a soft white light; but 
if you observe the reflection in the window-glass, the small globe 
seems to emit a strong violet light. Now the authors noted the 
same phenomenon when they lit their arc and looked into the mir- 
ror mounted on their photometer. But they probably erred in as- 
suming that measurements of selective absorption based on the 
retlection of an incandescent filament at high temperature, will 
hold for the are. 
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As to the candle-power ineasurements given for the alternating 
current arc I shall have very little to say just now. I note that 
the curves of distribution are carefully worked out; that they 
have all the kinks with which we are more or less familiar, due 
to reflection of the light, to the shape of bulbs, to the inequali- 
ties in the gluss, to the distortion of the plane of the carbon 
ends, etc., etc. 

I also note, and I call your attention to this point, that the 
authors have, I believe, taken all their candle-power measure- 
ments for small opalescent globes. They have not given us any 
measurements with small clear globes in their lamps. So in 
comparing the results of the authors and those of other experi- 
menters, it is well to bear in mind that there may be a difference 
of perhaps 30 per cent or even more between these candle-power 
values and those given in tests of lamps in which the small 
globes are clear. 

I notice that the authors refer to some tests by Dr. Nichols. 
As far as І can remember, Dr. Nichols used clear globes in all of 
the tests that he has published on standard lamps,—at least all 
that I have seen. The difference in density in the case of opal 
or opalescent glass globes is very marked, and those who have 
used enclosed alternating arc lamps much will know that some of 
the small globes are very dense indeed and cut off as much as 50 

r cent of the light. Ido not know just what percentage of 

ight is cut off by the globes that the authors used. They do not 
mention this in their paper, and consequently we are left in the 
dark as to quite a vital point. 

As far as the ultimate results are concerned, that is, the actual 
efficiency of an enclosed alternating arc as compared with a di- 
rect, I find that they give for lamp a, alternating current type, 
the curve of which is on page 584, and the data on page 585, 2.96 
watts at the are per mean spherical Hefner unit ; and for lamp D, 
which is the direct current lamp, supposed to be a typical lamp, 
data on page 595 and curve on page 596, 1.05 watts at the arc 
per mean spherical Hefner unit. Thus there appears to be a dif- 
ference in eandle-power output of over 50 per cent. in favor of 
the direct current lamp. But unfortunately the authors toek 
two lamps whose power at the arc was different. The alternatin 
lamp consumed less power at the arc than the direct. If bot 
lamps consumed the same power at the arc, it is probable that 
the difference in favor of the direct current lamp would fall to 
35 per cent. or less. 

I intended to make a few remarks regarding some other parts 
of the paper. But I am aware that there are others who have 
something to say and shall therefore close my discussion at least 
for the present. I thank you very much for your kind attention. 

Mr. W. Н. Freepman :—Mr. Marks, in his very abie discus- 
sion of this paper, has left very little to be said. I will, however, 
add a few remarks, and try not to repeat anything that he has 
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alluded to, except the one point in regard to the hunting of the 
arc. Now, it seems to me that if the oxygen were excluded from 
an are so that the carbon could not go off in carbon mon-oxide and 
di-oxide vapors, the ends would be flat, and in the open are they 
assume that more conical shape on aecount of this oxidation of 
the carbon. Accordingly. it seeins to me that on account of their 
being flat, as the carbon is vaporized, a little pocket tends to 
form, and so increases the distance; therefore, it will require 
more energy to keep up the arc between those two points, and 
consequently. due to the resulting stresses, the are wanders to a 
place where less energy will maintain it. Nature is rather lazy, 
and all operations go on with the least expenditure of energy. 
Therefore, this are wanders so as to always keep up its luminosity 
and burning. if I may use the word, with the least expenditure 
of energy. So, in my opinion, that criticism is rather correct, 
aud instead of the flat carbous being due to the wandering, it is 
exactly the opposite—that on account of the carbons being flat 
the arc wanders around and so adds to the troubles of the Шш 
metrist who is trying to determine its candle-power. 

On page 556 the authors make the statement that “the power 
factor 1s due to the inductance of the mechanism, as it has been 
clearly established by Blondel that in the are itself the electro- 
motive force and current are strictly in phase.” Without laying 
any stress on the use of the word electromotive force, it is per- 
fectly true that the difference of potential between the carbons 
of the are is zero when the current through the are is zero in the 
case of an alternating are which is used for illumination, or I 
should more properly say a self-regulating arc. But I think that 
statement ought to be somewhat qualified, because if you take an 
alternating current are and clamp it rigidly and work it by a 
hand. feed, if there is no self-induction in the current, then that 
statement is not true, and the current has rather gaps of zero 
value. It does not pass through zero at а point; it has a zero 
value for quite an appreciable period of time, so that there is a 
zero line in the current. That being the case, there is a power 
factor in the are which is slightly different from the power factor 
in a simple alternating power circuit, in that we cannot strictly 
say there is a phase between the electromotive force and the cur- 
rent, but on account of the current not following the sine law, we 
will find that taking voltmeter and ammeter readings and mul- 
tiplying the two together, the apparent watts are a great deal 
larger than the readings of the wattmeter, and we have a power 
factor in this kind of an are. So unless that statement is qualified 
it seems to me it is erroneous to state that the power factor is en- 
tirely due to the mechanism of the lamp. There is no doubt that 
the self-induction in the lamp causes the phase of the current, 
but unless that happens to be exactly balanced with respect to 
the distance, etc., the are might not go through the zero values 
at a point, and if that is the case, then the total power factor is 
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due partly to the mechanism and partly to the shape of the cur- 
rent wave in the are. 

Now, coming to the measurements of the candle-power, per- 
sonally, not being an enthusiast on photometry, I think that it 
adds slightly to the complication of photometric measurements 
for everybody to use their own units, and it seems to me, as far 
as engineers are concerned, it is usual to speak of candle-power. 
I am willing to confess that I had to look np what the value of 
the Hefner unit was before I could compare this paper with any 
other published results which heretofore have always appeared 
in candle-power. If I remember correctly, Dr. Nichols, of 
Cornell University, said that the best way to measure candle- 
power, the most certain way, is to use the Hefner unit, which is 
5S per cent. of the British candle. If we forget that number, 
however, we are somewhat at sea in comparing different papers. 

Then when it comes to the measarement itself, Mr. Marks 
has already pointed out that although carefully made, the 
results are not absolute, as one curve presented by the authors 
themselves shows—the curve on page 591. They present 
a lamp, c, with and without a milky globe. When they put the 
milky globe on, they of course get the smaller distribution of 
luminous intensity, but, strange to say, the upper portion seems 
to be of the greater candle-power or Hefner unit, and they 
advance the explanation, which is undoubtedly correct, that the 
lower half is of less intensity on account of the absorption of the 
globe. That in itself must bring to mind the fact that if we 
change the globe we are going to get an entirely different distri- 
bution. The distribution which they present on page 596 for a 
normal direct current lamp is one which is entirely different from 
any that were obtained at Columbia University —that being an- 
other argument or another evidence to show that the globes which 
were used in each case were different, and the difference in the 
form of the curve being, no doubt, largely due to that fact. I 
also think that the curve on page 556, perhaps by some inad- 
vertence of the printer, has become reversed. The curve given 
by Uppenborn shows the greater area on the top. I think that 
the greater luminous intensity must be at the bottom and not at 
the top. So those buttertly wings ought to be inverted. 

I will close by merely stating that, so far as I know, these are 
the firet results and figures that have been published on the alter- 
nating current are with respect to its distribution of luminous in- 
tensity, and from that standpoint. bearing in mind the photo- 
metric limitations, I consider the paper rather valuable as being 
an addition to the data available to an engineer. 

Tue Presipent:—I understand that we have Captain John 
Millis, of the Lighthouse Board, with us this evening. If so, I 
should be pleased to hear from him upon his aspect of this sub- 
ject. 

i Captain Mirus :— Мг. President, I am somewhat disappointed 
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at being discovered, since I would have preferred to be only an in- 
terested listener in an obscure corner. There is very little that I 
can add to what has already been said on this subject, but possi- 
bly I may submit one or two remarks presently. 1 should like 
very much to ask the gentleman who first addressed us to give 
us а somewhat more explicit idea as to what he means when he 
says that one light may have a greater candle-power than another, 
but a less luminous intensity. I do not understand exactly what 
he means, and І should be very glad if he could make this a little 
clearer. 

Mr. Marxs:—I think that possibly in а few words I may be 
able to give my view of the matter. The candle-power of an arc, 
as I шига it, siinply represents its power as compared with 
& standard source of light known as the candle. For instance, we 
have an ordinary standard candle. It burns 120 grains in an 
hour, or given standard time. We compare an incandescent 
lamp with that candle, and by the uid of the photometer obtain 
a ratio representing the illuminating power of the incandescent 
lamp in terms of the candle. From that we get the power of 
the arc lamp. Supposing the power of the are lamp thus photo- 
metrically measured is 400, this would indicate that it has 400 
times the illuminating power of the candle which wae used as 
the source of the comparison. Now let us take the arc light and 
put it in a reading.room, and read by it. Then let us take it and 
put it in the fields and distinguish the color of the trees and nat- 
ural objects by it. I ask you, will the true illuminating power of 
that аге lamp be 400 in both cases? I also ask you, will the 
illuminating power of an arc lamp not depend upon the use to 
which the light is put? Will it not depend upon its power of 
bringing out the true colors of objects, as well as of aiding the 
eve 1n seeing and distinguishing objects! I say that the illumi- 
nating power of a lamp depends largely upon the quality of the 
light. And the quality will depend upon the proportion of rays 
of short wave-length and of long-wave length in the light. In 
sume cases, as іп bringing out the colors of natural objects, and 
so on, the proportion of shorter тс in the light ів all- 
important; while as far as the power of illumination as applied 
simply to black and white is concerned, the importance of the 
longer wave-lengths is paramount. 

Now in the production of candle-power, the various rays of the 
spectrum do not count in proportion to their energy; the influ- 
ence of the shorter or more refrangible rays is much less than 
that of the longer wave-lengths Indeed some of the rays of short 
wave-length, at the extreme violet end of the spectrum, do not 
enter to any appreciable extent into the production of candle- 
power; vet these very rays often constitute a most important 
factor in the illuminating power of an arc light. This is what I 
mean when 1 say that the candle-power of an arc is not a meaa- 
ure of ite illuminating power and that one lamp may have as 
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much candle power as another and yet have a much smaller illu- 
minating power. Ав Dr. Nichols pointed out in a paper before 
this InstrrurE in 1889, candle-power is a well-nigh meaningless 
term and may give us а very misleading value of the power of 
illumination of a light. He records a number of tests which 
prove quite conclusively that even though two lights have the 
same candle power, the illuminating power of one may be widely 
different from that of the other. The reasons for this difference 
have already been given. Ido not know whether I have gone 
into the matter too much at length or not, or whether I have 
made myself clear; but I shall ask the President, Dr. Kennelly, 
whether I have explained to his satisfaction why it is that one 
lamp may have more illuminating power than another without 
having more cardle-power. 

Tue Presipent :—I think we all understand Mr. Marks as to 
his meaning of the terms. These terms are unfortunately given 
so many different пое by different men that it is quite easy 
to misinterpret them until they are бе 

Captain Mirris :— The. gentleman has referred to exactly the 
point that I was going to speak about. 1 think, however, that he 
gives us a somewhat incorrect impression in passing from some- 
thing which we regard as the measurement of the power or in- 
tensity of a light, in a physical sense, to something which is rather 
a question of judgment, of individual preference, or of adapta- 
bility to the conditions, and I must still differ with him in his 
view that we can properly say that a light which has a greater 
candle-power than another may have a less luminous power. 
Both terms imply a measurement which requires a unit in deter- 
mining the candle power, but for luminous power, as the gentle- 
man has just explained the tern, Т do not understand that any 
fixed unit or standard is possible. These considerations suggest the 
fundamental question of the real basis of all so-called photometry. 
Ів it strictly correct to say that pa eee as generally practiced 
is a physical measurement at all, or does it consist merely in ap- 
proximate comparisons and attempts to express in figures some- 
thing which cannot be properly so expressed in a mathematical 
sense? І think we all remember having learned, in the daya of 
our elementary education, that the measurement or the expression 
of the value of any quantity was the numerical equivalent of that 
quantity as compared to a fixed quantity of the same kind which 
was taken as the unit. That may not be exactly the correct 
wording, but you get the idea. Now, when we attempt to ex- 
press the intensity of a light and say that it is so much candle- 
power, it is not & physieal expression of its value in all cases, 
because the standard is not a quantity of the same kind or quality. 
Anybody who has had experience in a photometer room knows 
that it is possible to arrive at an approximate idea of the relative 
luminous intensities of two lights, whether these lights are of the 
same color or not. In fact, many of you, perhaps, have attempted, 
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as | have, to compare a white light witha red one. It is entirely 
possible to put the movable box containing the translucent screen 
near enough to the red light so that you can say that the side of 
the screen illuminated by that light is brighter than the other side 
illuminated by the white light. Similarly, the box could be 
placed so that the side of the screen towards the white light is 
unmistakably the brighter, but when an attempt is made to place 
the box at a point where the two sides of the screen are equally 
illuminated, difficulties arise, and only an approximate result can 
be expected at best. It is very largely so in all photometric com- 
parisons that | have had experience with, except, of course, in 
comparing two lights that were absolutely of the same quality. 

The method of measurement to be used, and the conclusions 
reached. may be materially affected by the particular use that the 
light is to be applied to. To illustrate by an extreme case, in the 
Lighthouse Service the vital question is: How far can a light be 
seen if you are looking at it directly? While in ordinary cases 
of artificial illumination the question almost invariably is: To 
what extent will the light enable you to see other objects? If we 
wish to determine the power or intensity of a light in the sense 
of how far it can be seen, a practical way to make a comparison 
with a standard is to put the standard and the light to be measured 
where they ean both be seen from a distance, and go off until 
first one and then the other have disappeared. It is perfectly 
easy to understand that the distance at which the lights disappear 
respectively enable us to determine their relative intensities. 
Now, if we have two sources of light. for instance, two candles 
placed a few feet apart so they will not blend. you cannot see the 
two candles any farther than vou can see one; but if you are near 
the candles and hold a sheet of paper so that both will illuminate 
the paper, you have got twice the illumination with the two 
candles that you would have with one candle. For one purpose 
two candles are twice as good as one, and for the other purpose 
one is just as good as two. | 

I wish to endorse what the gentleman said with reference to 
the recording apparatus. 1 think that is something we all wish 
we had thought of ourselves. | know 1 have felt the need of it 
a great many times, and 1 should think it would be very useful, 
and would expedite photometric work to a notable degree. I 
notice the author does not say what sort of scale he uses in deduc- 
ing the results from the recorded observations. Ordinarily, if 
used with a photometric bar of a tixed length I should think it 
would he of great convenience to use a scale graduated as photo- 
metric bars frequently are, for а fixed distance between two 
sources, во that the record would give directly the relative inten- 
sitv of the two lights. I have found, however, in experimenting 
with lights of a variety of intensities, that bars of various 
lengths are required, and that it is more generally convenient 
to use an ordinary seale of equal parts, as inches and tenths, and 
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make calculations from the readings, although it is somewhat 
more tedious. 

With reference to photometer rooms in general, there is a sug- 
eet which I desire to make аз the result of my experience. 

think it is a mistake to paint the inside of the photometer room 
entirely black. It is а very great convenience, in the handling 
and adjustment of apparatus, etc., to have as much of the interior 
of the room white, or at least light in color, as you possibly can. 
If the end walls and the ceiling and floor are black, and adjusta- 
ble sereens are used to cut off the light from sources which are 
liable to eause interference with vour measurements, it will be 
possible to have the side walls, or a considerable portion of them, 
light in color. 

With the alternating enclosed lamp described in the paper I 
have had no experience, but I have had considerable experience 
with the alternating lamp which is not enclosed. With cored 
carbons, using proper material for the core, I have failed to find 
the wandering of the arc that the author refers to. I have found 
the lamp to burn very steadilv and verv satisfactorily if the 
proper quality of carbon, of uniform density, and having a core 
of proper material, is used. 

‘There was one more point that occurred to me. It seems that 
the lamp described, giving such extremely variable results witha 
wandering are, is a very unsatisfactory light machine, and before I 
should go into very great retinements of measurement to deter- 
mine what the candle power of the lamp is, 1 think I should try 
to devise something to make it give some approach to a fixed 
candle power, even if the average were sumewhat less than the 
results it gives now. ‘This lamp certainly appears to be open to 
considerable improvement 

Tue Presipen’ (Dr. Kennelly) :—I think we are indebted to 
the authors for giving us some measurements upon the alternating 
current arc lamp which have been badly needed, since the only 
measurements which have been available hitherto have been for 
the direct-current are lamp. I think we are also indebted to 
them for giving us their measurements in units that we can un- 
derstand. When we speak about British candles we are often in 
doubt as to how the candles were obtained, how the measurement 
was made, and whether the British candles were evaluated from 
Hefner units by process of calculation. Whereas, by giving the 
results in Hefner units directly, we know that a definite instru- 
ment was employed, which is the most satisfactory that has been 
obtained up to this time. The results show, as pointed out by 
preceding apeakers, how very indefinite aud unreliable the pho- 
tometry of an enclosed аге is from the engineering point of view. 
You have a source of light varying with the distance between 
the carbons and with the current strength supplied to them, with 
the nature and quality of the carbons, and their distance apart, 
with the angle of depression or elevation, and also with the par- 
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ticular quality, shape and dimensions of the enclosing globe. So 
that you have at least two more variables in this kind of lamp 
than you have in the ordinary alternating arc lamp, non-enclosed. 
We know how difficult it is with the ordinary alternating аге 
or continuous are, to get steady readings or reliable measure- 
ments, and the difficulties are therefore augmented in this case. 
The fact is that until the absorption of the interior globe is taken 
into account, it is almost impossible to get a fair criterion of the 
luminous power of the are within, so much is apt to be absorbed 
by the opalescent or semi-transparent globe. 

1 think that we are apt, as engineers, to forget that arc lamps 
are not employed, ав a гше, by engineers, and that their quality 
and capability are not always to be determined by the methods 
which we аге wont to employ. We set up an arc lamp in a pho- 
tometer, measure its candle-power in various directions, compute, 
it may be, its spherical candle-power, compute its economy or 
efiiciency, or inefficiency, as shown in these tables, and then we 
decide that one lamp is better than another because it is more 
efficient, or because it gives more candle-power than another; 
whereas the ordinary individual who uses an arc lamp and who 
purchases it is not guided very much by such measurements. At 
a given cost price he is guided by the appearance of the lamp and 
by its steadiness, by its freedom from noise, and the length of time 
it will go without re-carboning. His eye gives him very little 
intimation as to the real candle-power. If he sees a nice opales- 
cent globe around it and it gives a nice, diffused light, he is very 
apt to consider that that lamp is much superior to one which an 
engineer may tell him is much more economical as a luminous 
source. 

As regards measurement of candle-power of arc lamps, I think 
that from the engineering point of view, the only fair criterion 
is the mean spherical candle-power, if only for the reason that the 
individual candle-power in any particular direction of luminous 
intensity, at any particular angle or azimuth, is so variable with 
time; and these wide variations which are shown in Figures 10 
and 12,as are pointed out in the paper, are not so much variation 
of the lamp asa whole, as merely variations in one particular direc- 
tion, namely that, of the photometer screen. 

We have been able to measure the spherical candle-power of 
an are lamp by placing a mirror outside the arc and nearly over 
it, and spinning that mirror at about 400 revolutions a minute in 
a circle abont four feet in diameter around the are, throw- 
ing the light into а second mirror at the axis, and through a tube 
to the photometer screen. It is not suflicient to merely employ 
а revolving mirror, because you must cut off the light at different 
aziinuths according to a sine law, and you must have, therefore, 
a sinusoidal shutter to open the light to full eandle-power at 
horizontal and gradually cut off the light as you bring the mirror 
either below or above. By that means you can get a closely re- 
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liable reading of the spherical candle-power in any particular 
vertical plane, and by slowly шш the аге lamp upon its own 
centre, so as to turn successively in all directions, the effect of the 
combination of revolving the mirror in the vertical plane and re- 
volving the lamp in the horizontal plane, gives you a very close 
approximation, indeed, at any particular moment to the spherical 
-candle-power in all directions. 


[Adjourned.] 


DIED. 


DAvENPORT:—AÀt Ponce, Puerto Rico, October 26th, 1898, Clarence G. 
ро ber Expert and Agent, for the General Electric Co., 
at the New York offices of the company, No. 44 Broad Street. Не was 
a son of Rev. John G. Davenport, of Waterbury, Conn., and had been 
in the employ of the General Electric Company for eight years. He 
enlisted in the 1st Regiment U. S. V. Engineers, and accompanied that 
regiment to Puerto Rico where he contracted typhoid fever which was 
the cause of his death. He was elected an Associate Member of the 
InsTITUTE Nov. 21, 1894. 
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AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS. 


New York, October 26th, 1898. 


The 128th meeting of the American Institute oF ELECTRICAL 
EnainEers was held at 12 West 31st Street this date and was 
called to order by President Kennelly, at 8.10 P. M. 

Тнк SECRETARY :—At the meeting of the Executive Committee 
this afternoon, the following associate members were elected: 


Name. Address. Endorsed by 
Murrey, Jous McL. Electrical Engineer, ud Third G. T. Hanchett. 
Rail Electric Co., 5 Beekman Е. V. Baillard. 
St., Room 233 N. Y. Ralph W. Pope. 
VREELAND, F. K. 2nd  Ass't. Engineer, Crocker- Henry Morton. 


Wheeler Electric Co., residence, F. B. Crocker. 
ү" Orange Road, Montclair, Gano S. Dunn. 
Jd. 


Ұоорватрек, J. E. Editor Electrical World 9 Murray Т. К. Taltavall. 
Street, N. Y. A. E. Kennelly. 
Townsend Wolcott 
Total 8 


The following associate members were transferred to full 
membership : 


Approved by Board of Examiners, Sept. 22d, 1898. 


С. Н. WorDINGHAM City Electrical Engineer, Manchester, England. 
WILLIAM STANLEY, Electrical Engineer and Inventor, Pittsfield, Mass- 


In the President's Inaugural Address at Omaha, a recom- 
mendation was made by him that the IwxsrrrurE undertake to 
bring about a plan of cooperation with the various colleges in 
regard to experimental research work. In accordance with that 
recommendation, the Council passed a resolution that a com- 
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mittee of seven should be appointed, and the President will in- 
form you as to the action that was taken by that Committee 
to-day, and the progress of the work. 

Tue Presipent:—I may say that the Committee has held ite 
first meeting and a circular letter is being prepared to send to 
the various technical colleges and laboratories throughout the 
country, inviting their cooperation with the IxsrrruTE, and sub- 
mitting to them a list of problems in connection with practical 
subjects upon which measurements, observations and data are 
required. Sufficient encouragement has already been received 
from a number of college laboratories, to ensure the initiation of 
this movement, and it is hoped that all the principal technical 
institutions will take the matter up. The plan presents advan- 
tages to all parties concerned. The instructors receive informa- 
tion as to the practical work calling for observation and measure- 
ment from those engaged in electrical engineering. The 
students are stimulated to their best efforts by feeling that the 
work upon which they are engaged is of direct practical applica- 
tion. The InsTiTUTE gains by the publication of the results 
obtained, as well as by the reception of material for good papers. 
It is not expected that the results of such investigations should 
be published exclusively or voluminously in the Transactions. 
The main results of each investigation with the names of those 
engaged upon it, would be, as a general rule, all that the mem- 
bers of the IxsrrrurE desire to obtain. In this way no extra 
expense is attached either to the InsriruTE or to the technical 
. colleges engaged in the experimental work. 

It is desirable that the members of the INstiTuTE should com- 
municate to the Secretary such problems as may arise in their 
ы а work and which call for experimental investigation. 

he Committee would receive these suggested problems and add 
them to the list of material for investigation. 

The paper before the meeting this evening is * An Electrical 
Survey in the Dorough of Manhattan, New York City," and Mr. 
Knudson will now read it to us. 


A Paper presented at the 128th Meeting of the 
American Institute of Electrical Engineers, New 
York, October 26th, 1898, President Kennelly in 
the Chair. 


AN ELECTRICAL SURVEY IN THE BOROUGH OF 
MANHATTAN, NEW YORK CITY, 
Snowiua RESULTS oF STRAY CURRENT MEASUREMENTS BETWEEN 


Evectric Rattways, ÜUNpERGROoUuND Pires, Ero., aso 


Resutts or TEsTs ON THE BROOKLYN BRIDGE. 


BY A. A. KNUDSON. 


The corrosive effect of straying currents upon underground 
metallic structures is now so well known and understood that ob- 
viously there is no need to dwell upon this fact as a reality, but 
rather it is the purpose of the author to show from actual tests, 
some of the locations and characteristics of the stray currents in 
New York city. 

About eighteen months ago the question was raised by some 
of the municipal officers of this city as to the possibility of electric 
currents leaking or straying to underground pipes from the con- 
ductors of the “open conduit” electric railway on Lenox 
avenue, and adjoining streets at that time, as applications had 
been made to extend this system. 

This matter was investigated at that time by the author, and 
some of the results becoming known to one of the officers of 
this INsrrTUTE, he suggested that with some additional tests and 
the whole presented in a paper, it would prove of interest to the 
members and perhaps throw further light on this interesting 
subject. 

I have since made a number of additional tests throughout the 
city, from Harlem river to the Battery, between various metallic 
structures such as “ L” (Elevated railway) pillars, surface rail- 
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ways, water pipes, etc., and give the results here, trusting that 
they may prove acceptable, and possibly of some value. 

Previous to making any tests on the Lenox avenue line, we 
had a well settled theory that ina double conductor system as 
this ie, very little, if any of the current could be found diverted 
from the conductors to water or other pipes underground in its 
vicinity. 

The tests were begun on Lenox avenue near the Metropoli- 
tan company’s 146th street power-station, and continued south. 
From the first, unmistakable signs were encountered of railway 
current leakage from the rails of this road to both water and gas 
pipes, the sudden fluctuation of-the voltmeter needle proving 
this beyond a doubt. It was noticed, liowever, that when a Len- 
ox avenue car passed, there was no advance of the needle as 
should be expected, and when two cars passed, going in opposite 
directions, there was no advance of the needle at the moment ; 
continuing down the street and testing at each fire hydrant and 
gas post the voltage tended to increase upon nearing 135th street. 
The readings during these tests were as follows, the rails being 
positive to the water and gas pipes. 


— 4 — ————M———— 


(sas. | Remarks. 


Location. Water. | 
| | 

145th Street volt l6 volt | 

138th к in eU ' 

136th “ 2 € XU 

1351 “ 1/5 “ | зс“ During this test no trolley car in sight on 135th 
street 

r35th “ м “ | Test repeated when the 135th street overhead 
trolley car crossed Lenox avenue tracks. 

125th S y o" 

m6th “ wy | 


rogth tand) 4 “ | 
Columbus ANE) 


It was apparent from these tests, that the most, if not all of 
this leakage, came from the Union railway company’s line, 
operating the overhead trolley system, a branch of this road 
running through 135th street, and thereby crossing the rails of 
the Metropolitan company’s tracks at Lenox avenue. This 
seemed the more certain from the fact that the maximum read- 
ing ($ volt) was obtained when a Union railway car was crossing 
the rails at Lenox avenue, ог was quite near. Further proof, 
however, was necessary to determine if that company was re- 
sponsible for all or only a portion of this current escape; advan- 
tage was therefore taken of the period when the Union railway 
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-cars stopped running for the night at 1:30 A. M., to make some 
further tests. 

At this time there were no fluctuations of the needle what- 
-ver, and consequently no sign of a trolley current escape from 
the rails to underground pipes. Tests were made over the 
same route as during the day, as well as at other places, but 
although the Lenox avenue line was running (they have an all 
night service) no evidence could be obtained of current stray- 
ing from those conductors to either water or gas pipes. What 
we did find, however, worthy of inention, was another current, 
emanating from an entirely different source, passing from the 
water pipes to the raile, the pipes this time being positive, 
which, as will be perceived, was the reverse of the polarity 
found during the day. This current was as perfectly steady 
as if from a galvanic battery. The difference of potential, 
however, was low, in some places „th of a volt only was found, 
while in others the reading was 2,ths. In my efforts to identify 
this current 1 consulted the Manager of the power station 
which supplied current to the Lenox avenue road, and he oblig- 
ingly offered to shut down the plant for half an hour during that 
portion of the night when traffic is the lightest and give me a 
chance to re-test. This was done between the hours of 2:30 
and 3 A. M., when both of these electric roads were then shut 
down so that no possible current could come from either one. 
The same steady current was found, however, as before, passing 
from the water pipes into the rails. The voltineter proving 
insufficient as a means of completely identifying this current, 
telephone receivers were used, and with one at each ear there 
was no difficulty in recognizing the familiar sing of the incan- 
descent dynamo. This test with the telephone was repeated 
several times by my assistant and myself so that there could 
be no possibility of error. 

It appears from the tests made, that an open conduit system, 
or one in which an insulated metallic return is used, effectually 
confines the current to the conductors provided for it. For 
this reason it is preferable to the ordinary ground return, especi- 
ally in large cities, where the space below the streets is so largely 
occupied with various lines of iron pipes, more or less subject 
to electrolytic action. 

The distances the overhead trolley current would sometimes 
reach, were shown by a rise in voltage when a Union railway car 
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crossed the tracks of the Lenox avenue road at 135th street. This 
was found as far down as 116th street, where the latter road 
branches east and west; in fact, there was no portion of this road 
where these trolley current fluctuations could not be obtained 
when cars were passing through 135th street. 

Desiring to learn the difference of potential between the ele- 
vated railway pillars, and water pipes, with the Union railway, 
if any, in this part of the city, teats were begun at 157th street 
(Harlem River) on the Eighth avenue line and continued down 
as far as 109th street, which is the western terminus of the 
Metropolitan company's open conduit system. Rather than 
make this paper monotonous with long tables of tests, some 
plans have been prepared of different locations in the city, 


8th ANE. 


135th ST. 140th ST. 145th ST. 149th ST. 157th ST. 
«ANHATTAN ELEVATED RAILWAY SUPPORTING PILLARS 


WATER PIPE 


OVERHEAD — 
UNION RY. CO. 


Fic. 1. 


showing where these tests were made, and giving the differ- 
ence of potential at the points indicated. It may be well to 
state here that the voltmeter used was a Weston two acale; the 
lower scale reading to 5 volts with 30th divisions; this scale was 
used in most of the tests, and accounts for the record being given 
in a number of cases in thirtieths of a volt. The upper scale 
read to 150 volts in 1 volt divisions. 

The following is a general description of the method of proce- 
dure touching in detail at such points as may be of interest. 

The starting point as already stated was at 157th street; from 
this point down to 135th street the tests are given in a table, as 
well asin plan, Fig. 1. The table gives both day and night 
teste for comparison, while the plan gives the day teste only. 

The Union railway (overhead trolley) heretofore spoken of as 
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passing through 135th street, terminates at Eighth avenue; in 
fact, the ends of the two trolley wires of that road are supported 
by being attached to the “L” structure which as is well known 
passes through that avenue. 


Location. Day test g to ro A. M. Night test. 1:30 to 2:30 A. M. 
157th Street “L” + to Hydrant 7/30 Volt. 7/30 Volt “L” -- to Hydrant 
149th 4. [11 L 99 __ *' ee 8 30 oe 3/30 [1 LE LY [Т] [T 
145th ae tt L” — M a6 6/30 [1] 1/30 [1] iy) L” ae “ 
140th 5 os L ” 44 tt 5/30 at 2/30 [17 54 L yy [1] ix) 
w35th “ Rails U. E. Ry. + to L”? 214 volts 2/30 " Rails+‘“ “L” Ry. 
135th "' B: .E. Ry. +" Hydt. 2. " 
135th " “L”? + to Hydrant t4 volt 1/30 * "L"--"''* Hydrant 


Night readings steady throughout. 


Referring to the table, it will be noticed that the reading at 
157th street shows that the night test was the same as during the 
day. It was afterwards discovered that the last car of the Union 
railway had not then left the track, which accounts for this read- 
ing being higher than the other, as well as a trolley variation be- 
ing shown. All of the other night tests, however, showed the 
same indications of an incandescent current as were found on 
Lenox avenue, as well as at several other places. One feature 
worthy of notice in the day test, shown in the plan, as well as the 
table, is the change of polarity found at different points on this 
section of the road. 

The current passes into the water pipes and “L” structure 
from the rails of the trolley road at 135th street (they being posi- 
tive) from 2 to 24 volts maximum, then along the pipes for five 
blocks to 140th street, then reverses and passes along the “L” 
structure for another five blocks to 145th street, where it again 
reverses and takes the water pipes to another reversal at 157th 
street. 

The cause of this erratic jumping of the railway current up 
some pillars and down others may be explained in two or three 
ways, two of which | will mention: 

let. Proximity of water pipes to the “ L” structure, they being 
at some points closer than at others, offering a more favorable 
path for this portion of the current. 

9d. The current passing into the water pipes at 135th street as 
well as the “ L” structure at the same polarity, and possibly at a 
higher voltage at times to water may cause this change in polarity 
at different points along the line. 
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A few days ago tests were made over this same eection of road 
with almost identically the same readings in each case as prevailed 
over a year ago. It was noticed, however, that the terminal] rails 
of the Union railway company at 135th street and Sth avenue 
had recently been replaced by new ones which appears to be a 

good illustration of “cause and effect." _ 

. Similar conditions also prevail on the section of road below 
135th street down to 109th street. At this point the “ open 
conduit” road has its western terminus. Day tests have shown 
a maximum reading of } of а volt, the rails being positive to 
* L” pillar, aud to water, the night test when Union railway 
was not running, 2, steady, showing plainly that the current 
was from that road. 

Attention is now directed to the east side of this part of 
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the city where another branch of the Union railway is located. 
Tests made here show even myre pronounced results than at 
the branch running through 135th street to the west side. It 
may be stated that the power-station of this road is located on the 
Bronx river in Westchester county. 

Something more than a year ago when these tests were made, 
this braneh had a terminus at Third avenue and 129th street, 
immediately in front of the “L” station, the cars then passing 
over the Harlem river at the old wooden bridge, which is now 
being removed. Thecars now pass over the new public bridge re- 
cently opened, to the new terminal at Lexington avenue. Fig. 2 
shows the location of the old terminal when these tests were made, 
as well as the difference of potential. 

It will be noticed that the maximum reading here was 10 volta, 
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rails positive to “L” pillar, sewer, and gas. A test was also made 
on the old Harlem bridge at the same time, which showed the same 


ACTUAL SIZE BOTTOM OF RAIL WHEN NEW. 


ACTUAL SIZE BOTTOM OF RAIL 
WHEN TAKEN UP 
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reading, except it was madeto gasonly, noother pipes being at hand. 
A few days ago this locality was visited with a view of obtaining 
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any further items which might be of interest for this paper, and 
workmen were found engaged in removing the rails of this very 
terminal. 


Information was therefore obtained as to the results of electro- 
lytic action on these rails (they having been positive), An im- 


pression was taken on paper of tle exact size and shape of the 
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end of one of the four rails which composed that terminal switch, 
the ends of the other rails all being in just about the same con- 
dition. Fig. 3 shows a comparison of the size and shape of the 
rail when new and its present condition ; the position of the out- 
lines as to each other being about as shown. From the condition 
of these rails now, it is quite plain that a large amount of metal 
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has been removed from them by electrolysis. The original size 
of the rails was furnished by the company supplying the rails, 
they being 70 lbs. to the yard; furthermore, the bottom sides of 
all these rails were cut by the current down to knife edges for 
several feet back from the ends. "These edges were irregular in 
shape and somewhat jagged in appearance. 

Another feature of interest is the condition of the cross-bars or 
tie-rods which keep the rails in position. These bars, which 
were originally 14” wide by 3" thick, were nearly all so eaten 
away that the middle portion was missing, the ends protruding 
from the rails at from 6" to 12". Fig. 4 gives a view of one of 
these bars which was conveniently left behind when the other 
materials were removed. It is the only one I ғам which was in- 
tact, and is in a much better state of preservation than the others, 
consequently not an average sample. 

This specimen is on the table for inspection by those who care 
to examine it, as well as some small pieces, broken off by hand 
which were protruding from the rails. Your attention is called 
to a feature not shown in the cut and that is the sharp knife-edge 
of the side that was deepest in the ground from where the cur- 
rent passed out, somewhat similar in appearance to the sides of 
the rails above referred to; the ridges and pitting characteristics 
of electrolysis are also plainly visible in this, and in a lesser degree 
in the smaller specimens. 

Further tests were made in this part of the city, but being not 
specially important, are omitted until 93d street is reached, 
from which point to the Battery a plan is given, showing the 
locations where tests have been made, their voltage and po- 
larity. These testa refer mostly, as you will notice, to the incan- 
descent current, passing at low voltage, ranging from 4, to 4 
of а volt. One feature worthy of attention is the lowest read- 
ing being generally found at the “L” stations, between pillars 
under the stations and water pipes. This is accounted for by 
the faet that as there are water pipes supplied to most if not 
all the “І.” stations they would make a fairly good electrical 
connection with the strueture itself, and, therefore, not much 
difference of potential could be expected. This point also sug- 
gests a method for remedying this condition of affairs. Coming 
down tlie west side of the city, I was surprised to encounter a 
full fledged trolley current in the extreme lower part of the city. 
The first intimation was found at Rector and, Greenwich streets, 
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it became more pronounced in the vicinity of South ferry where 
in testing between the rails of the Metropolitan cable road and 
an “L” pillar, a variation of from зу to x volt was found, 
the rails positive, and the same reading between the rails and 
water pipes. 

Just why there should be indications of a trolley current in 
this part of Manhattan Island was difficult to understand, but 
after making further tests coming up on the east side, this cur- 
rent was found to come from the Brooklyn bridge. Having 
pointed out how an overhead trolley, using the water pipes and 
incidentally the rails as a return, such as is operated on 135th 
street, can spread its influence, so to speak, for a distance 
of over 20 blocks in either direction north and south, through 
various pipes, railway structures, ete., the existence of this cur- 
rent from the bridge permeating underground metals through a 
large portion of the lower part of the city, is accounted for. 

The tests were continued at the New York entrance of the 
bridge, and at the pillars which stand in the street just west of 
the Third avenue cable railway, I found the readings as fol- 
lows: At one pillar a maximum of three volts, average 14 volts, 
pillar positive to Third avenue cable rails. At another practi- 
cally the saine. reading. Further up Park Row at the corner of 
Chambers street, pillar positive to cable rails, 1 volt maximum; 
water positive to cable rails $ volt; pillar positive to water 4 
of a volt. 

All of these tests were made nearly a year and a half ago. A 
few days ago, tests were made over this same ground, and at 
places where a difference of potential of three volts maximum 
existed at that time, it is now found to be 3} volts, pillars 
positive as before to rails of Third avenue cable and also to 
water pipes, showing in all probability that this current has been 
during all this time actively and unceasingly passing down the 
pillars which support the “L” station at this place, as well as 
the bridge crossing the street, and out from their foundations 
to other metals as stated, with now a fifth of a volt more for 
good measure. 

In the light of present knowledge on this subject the very 
serious question presents itself to any practical mind here 
present, in what condition would we expect to find the anchor 
bolts and iron foundations of these pillars, if excavations were 
made at their bases / | 
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In Mr. Farnham's excellent paper read before this INSTITUTE 
four years ago, he showed that but a small fraction of a volt 
was necessary to establish electrolytic action between metals. 

What then can be expected from an incessant action of 
fron 14 to 3} volts jumping out of these foundations dur- 
ing the past year and a half or perhaps two years. 

Further tests at the New York entrance of the bridge at 
pillars nearest the four loop tracks, show that they are nega- 
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tive to rails of these tracks with maximum voltage of 34 an 
eatimated average of 24. These tests were made on three dif- 
ferent days at different times of the day, the highest maximum 
reading as above being taken at 4.45 P. M. 

The other teste, one made during the so-called rush hour be- 
tween 5.30 and 6 P. M., where a maximum reading of 24 
volts noted at track 1, did not vary much from the tests made 


in the afternoon of another day at from 2-to 2:30 P. M. at 
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track 4, where the voltage was found to be 2| maximum. 
Previous to any use of electricity for operating cars on the 
bridge it had been known that currents were escaping to that 
structure from trolley lines in Brooklyn, and passing over 
would find their way through the city by underground pipes, 
etc., and thence crossing the river arrive back to the power-sta- 
tion in Kent avenue. 
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The polarity of both of these railway systems now operated on 
the bridge, indicates that these currents escape from their lines, 
but it is also quite likely that currents are even now coming over 
the bridge as they were a year ago. Only an extended investi- 
gation would determine these points, even if it were desirable 
that they should be known. 

Let us now take up the investigation made on the bridge to deter- 
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mine if possible the movements of straying trolley currents and 
their possible effect on the cable terminals. In view of the im- 
portance of this matter I regret not being able to make it more 
thorough than here stated, as it would involve not only a fort- 
night's work at least, but the shutting down of the bridge plant 
for a time, which eould hardly be expected under the cireum- 
stances. Such facts are represented however as it was praetic- 
able to obtain. Recognizing the necessity of having every 
detail as to the construction, location, ete., of these terminals before 
being able to intelligently consider the matter, plans prepared 
by the bridge engineers were obtained which are given in Figs. 
6and7. These show the exact construction of the cable ter- 
minals and anchor plates, besides other information regarding 
construction, all of which is from an ofticial source. 

In regard to the construction of the cable terminals; as most 
of us know, the main cables are made up of eighteen strande, 
or smaller cables, which are practically continuous, the wire run- 
ning back and forth from New York to Brooklyn, passing 
through the holes at the ends of heavy steel bars or links at 
each place, and the enda of the single wire being finally fastened 
by a rigid screw coupling. These two rows of steel bars of nine 
each, which are attached to the cable strands, one row placed over 
the other, as shown in Fig. 6, pass down with a graceful curve 
into solid stone masonry to the anchor-plates, and are secured 
to them by heavy steel bolts passing through the eyes at the 
ends, as shown in. the figure. The anchor-plates are in shape 
somewhat longer one way than the other (see plan) each 
being a single piece of cast-iron, weighing twenty-three tons. 

Coming now to the tests, it will be noticed that there is no 
possibility of reaching the anchor-plates other than by connec- 
tion through the cables themselves, and they being firmly 
attached to tlie structure, cables and all are practically one con- 
ductor; and a connection on the structure would mean connec- 
tion with the cables, and consequently with the anchor-plates. 

This point therefore being settled, the next thing was to 
obtain a suitable ground, and on the suggestion of Mr. C. B. 
Martin, the electrician of the bridge, one of the railway cables was. 
used during that portion of the day when it was not in 
operation for hauling a bridge train. This was а conve- 
nient as well as a good ground, the cable surface being 
polished bright through friction in. passing over the pulleys, it 
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was possible to obtain a good contact, and as it passed over the 
large drums in the engine room which were on foundations con- 
necting with engines, water-pipes, etc., it was probably the best 
ground independent of the structure obtainable. The connection 
to the structure was made by the use of a two-inch serew.clamp, 
the wire to the voltmeter being attached to it by the simple 
means of a screw and washer. Two of these clamps were gener- 
ally used in nearly all of the previous tests, as they were found 
very convenient for attaching and detaching quickly to and from 
hydrants, pillars, etc. The first test under these conditions was 
made just over the Brooklyn anchorage, where the structure was 
found to be positive to the ground, with a difference of poten- 
tial of 22 volts maximum, estimated average 1£ volte. 

Atthe Brooklyn tower another ground connection was made to 
a water-pipe, which ran down the side of the tower, and is in- 
tended for use in case of fire on the bridge. At this point the 
reading was 32 volts maximum, average 22, bridge structure was 
as before positive. At center of span, structure positive at 
first, with 21 volta maximum, but during the readings there were 
two reversals, one of them only remaining long enough to obtain 
a reading, which wae 1+ volts maximum, structure negative. 
At the New York tower: structure positive to cable ground, with 
trolley variations ranging from $ths to 3 volts, average 2 volts. 
At New York anchorage: maximum 24 volts, average 2 volts, 
structure positive, to ground. | 

Other tests were made to determine the polarity of the rails 
of the bridge trains, and they were found positive to the struc- 
ture, the same as the rails of the trolley road heretofore tested. 
Let us now consider the question of the electrolytical conditions 
of the eable anchorages, as this point appears to be of high im- 
portance in this matter, if not the key to the whole situation in 
determining whether or not electrolytic action is going on. 
First : These anchorages are composed of solid stone masonry and 
are put together with the highest quality of cement; there is no 
briekwork or mortar in their construction. 

2d. The 23 tons of iron composing the plates are set about 80 
feet below the top of the anchorage. The distance from the 
bottom of the plates to mean high water is 3 feet 8 inches af the 
New York end, 5 feet at the Brooklyn end ; there is no earthy 
matter, salts or alkalies, such as is found prevalent in the streets 
which go to make up an electrolyte, so I am informed, in any 
part of this structure. 
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I was at first apprehensive that on account of the compara- 
tively short distance between mean high water and the plates at 
both anchorages there might be opportunity for salt water to 
reach the plates through seepage or capillary attraction and 
thereby produce such an electrolyte as to cause corrosion, but have 
been informed that it is not possible for salt water to reach these 
terminal plates on account of the distance from the river, the 
anchorages being over 900 feet from the towers which stand at 
each side of the river. Even allowing 100 feet for the salt water 
to work back, there is stiil ample margin as to distance before 
salt water ean reach these plates ; besides this, one of the bridge 
engineers showed me a plan of the construction of the founda- 
tion under each anchorage, which consists of heavy timbers 10” 
x 10” and some 12" x 12" arranged in 4 to 7 layers, placed a 
short distance apart, and the intervening spaces filled in with 
concrete cement. 

In view of the tests therefore that have been made showing - 
the structure and cables to be positive at both ends, it is quite 
possible that a portion of the currents straying from the trolley 
lines, and possibly from the bridge service, find their way out 
of the anchor plates through the dampness of the stone-work of 
these anchorages. The construction of these anchorages how- 
ever is such, as I have endeavored to eet forth, that it seems 
reasonable from the general construction of these piers that the 
mass of stone and concrete surrounding these plates will not con- 
stitute an electrolyte such as would favor electrulysis, and there- 
by cause corrosive action on them. 


One of the bridge officials informed me that a certain author- - - 


ity had reported that electrolysis would not attack cast-iron, con- 
sequently their cast-iron anchor-plates were exempt from such 
danger. Inthe light of recent experience in other cities, that 
theory is now untenable; for instance, І will quote a few ex- 
tracts from a pamphlet, giving the reports of four experts, be- 
sides that of the Secretary of the Water Board of the City of 
Dayton, Ohio, embodying an estimate of cost for repairing the 
damage. 

Mr. E. E. Brownell, E. E., states: “ То my surprise I have 
found in this citv a six-inch water main that was corroded to the 
depth of one-quarter of an inch where the ES did not aver- 
ape over 1.5 to 2 volts positive to the rails, therefore it ie im possi- 
ble to establish a certain voltage that will cover all cases for low 
readings." 
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The following extracts are quoted from the report of Mr. J. 
H. Shaffer, metallurgist : 


He says: “In accordence with instructions from the Board, I 
have made a careful inspection of the cast-iron water mains at 
fifteen different locations in the city," and then gives the resulte 
of excavations, ete., two of which | will quote. 

Ist. * This excavation was made at the corner of Washington 
and Mound streets. It exposed a six inch main and a ten-inch 
tee; the pipe was laid in 1874, and the tee in 1888, both were 
subjected to electrolytic action for about ten years. Both pipe 
and tee showed great evidence of electrolytic corrosion, the pipe 
being damaged to an alarming degree, with holes pitted from 
one-eighth to five-sixteenths of an inch in depth, and covering 
a large portion of the same............ The lead caulking was 
found to bein bad condition, and showed perceptible evidence 
of leaking. The pipes at this point were nine volts positive to 
the rails. | 

* 9d. This excavation was made on Germantown street, near 
Krug. It uncovered a six-inch pipe. This pipe was electrolyt- 
ically corroded in about the same proportion, with other con- 
ditions identical. A lead service pipe was also exposed at this 
point, and was found to be entirely destroyed." | 

A quotation from the report of the secretary on an approxi- 
mate estimate of the eost of replacing water-pipes damaged by 
electrolysis caused by electric railway currents may also be inter- 
esting. 

He says: “In calculating the cost of replacing the pipes in 
the whole affected territory, it is estimated at $77,208.80. 

“There is 17,513 feet of pipe that shows a voltage of from 
two to nine volts positive, and from pieces of pipe removed 
where electrically charged to this extent, it is found that they 
have deteriorated fifty per cent. in four years. 

* Where they were required, when laid, to withstand a hydro- 
static pressure of over 300 pounds per square inch, when tested 
by J. H. Shaffer, iron expert, after being subjected to 4.5 volts 
for four years, leaked at 150 pounds pressure.” 

He also states the following: “ At 4.5 volts it has been shown 
that a six inch pipe can certainly become useless in 5 years.” 


I have quoted thus freely from this pamphlet for two reasons, 
one to show that it is a mistake to suppose that cast-iron is not 
subject to corrosion by electrolysis produced by rail way currents, 
and also to show the penalty to which a city is subjected through 
permitting such conditions to exist so long that they cause such 
heavy damages to its property. In the light, therefore, of what 
has been shown to be the state of affairs in the upper part of this 
city due to escaping railway currents, as well as the experience 
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at Dayton, O., it appears to be the duty of engineers to exercise 
every pussible precaution against the effects of this invisible ele- 
ment of destruction, which if left to itself will certainly shorten 
the life of valuable city property. 

In the cases found to exist up town, it is truethat the rails of 
the road referred to ure apparently the principal metals damaged, 
for the reason that they happen to be positive to the water pipes, 
but as the escaping current goes into the pipes at one place it 
must come out at others, and at these places damage may be 
looked for. | 

The damages already done and threatened to publie works in 
England by electrolysis has led to the establishment of regula- 
tions to prevent such action in the future, and sinilar legislation 
тау be expected in this conntry should these conditions be 
allowed to continue. Опе of the provisions in the regulations 
preseribed by the British Board of Trade may be of interest just 
here. It is to the effect that if the pipe is negative to the rails 
the potential difference shall not exeeed 4.5 volts, and if the pipe 
is positive to the rails the potential difference shall'not exceed 
1.5 volts. This appears to be very liberal for the railways, in 
view of {һә experience in cities on this side of the water; it is 
probable however they will be made more stringent as future 
experience in this direction dictates. 

I have purposely avoided elaborating in this paper, any par- 
ticular scheme for preventing damage by stray railway currents 
for the reason that methods are perfectly well known to railway 
companies for confining currents to their proper conductors, 
such aa efficient bonding, and providing a return that will leave 
no inducement for the current to seek underground pipes, in 
preference to a legitimate conductor. It is simply a question of 
additional expense. Referring to the incandescent light current 
which was found prevailing everywhere in this part of the city 
from the Harlem river to the Battery, passing between all kinds 
of underground metals, and some on the surface, I do not соп- 
sider these currents as particularly dangerous at the moment on 
account of their low voltage, but as before stated, it having been 
established that a fraction of a volt difference of potential will 
cause electrolytic action, it then comes down simply to a ques- 
tion of time, when those straving incandescent currents will 
have to be seriously considered. 

In eonelusion, I wish to say that these remarks regard- 
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ing possible damage to publie structures through the action -of 
electrolysis, have been made with no desire on my part to appear 
‚ав an alarmist, but to present simple facts as found in these in- 
vestigations. I believe that too little attention has heretofore 
been paid to this matter by any of us; perhaps for the 
reason that electrolytic action being invisible, as well as noiseless, 
it has thus escaped attention, and its baneful effects not fully 
appreciated. It is my opinion, however, that ordinary caution 
would suggest, that periodical tests should be made in every 
city by competent parties where a trolley road using a ground 
return is in operation, and the reports placed before those hav- 
ing authority to deal with the matter. In this way threatened 
damage by electrolysis to water and other pipes, as well as 
bridges, might be arrested and finally controlled. 
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Discussion. 


Mr. Wiitiam Maver, Jr.:—I feel that the Institrurr is 
under great obligations to Mr. Knudson for presenting to us 
to-night in such an admirably succinct and clear manner the more 
important results of his electrical survey of the city ; a surve 
which the text shows has extended over several years, and which 
has entailed a large number of tests, many of which were made 
at all hours of the night and day. And necessarily so, for it is 
obvious that to arrive at a definite conclusion as to the source of 
the fluctuating currents in the vicinity of 135th street, the 
effects must be observed when the known апа possible 
sources were temporarily absent. In this case Mr. Knudson 
was rewarded by discovering a normally suppressed source, 
namely, the comparatively steady current from the incandescent 
light circuits. 

The exhibits which Mr. Knudson has been at the trouble to 
procure for us are excellent instances of the biter bitten. If the 
state of affairs which these exhibits illustrate may be taken as at 
all comparable with what is taking place at the rails and tie-rods 
of similar roads all over the country, it should teach the man- 
agers of such roads that it may be a matter of economy to pro- 
vide efticient conductors for the return current apart from gas 
and water pipes, etc. 

The jared which Mr. Knudson exhibits appears to have cor- 
roded to a greater extent in the middle, and towards the middle 
than at the ends. Inasmuch as it may be assumed that all parts 
of the rod were at equal potentials, and that the soil between the 
rails was of a uniform character, [ ain somewhat at a loss to ac- 
count for this action. Perhaps Mr. Knudson or some other 
member may be able to offer an explanation, which doubtless 
will be interesting. 

Since learning of Mr. Knudson’s intention of presenting this 
paper, I have taken occasion to make inquiry of some of the 
companies ав to whether anv electrolytic effect had been thus far 
observed in the vicinity of 135th street, and was informed that 
a recent careful examination of the pipes had not disclosed any 
such action ; which is во far reassuring, and also is confirmatory 
of Mr. Kuudson's tests. It does not, however, prove that some 
such action may not be taking place at a remoter point where 
the current leaves the pipes. 

In connection with my duties as supervising electrician of the 
high-tension subways in this city, I have naturally been on the 
alert for any evidences of eleetrolysis that might arise. I ma 
repeat what I have on other occasions stated in this iesu. 
namely, that no clear evidence of electrolysis has thus far 
been discovered on the cables or iron ducts of the subways of 
this city. I should perhaps make the further statement which, 
however, is known to most of you, that until comparatively re- 
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cently there may have been no electric traction companies, either 
overhead trolley or open conduit in New York city, proper. 
There have been one or two instances where corrosion of cables 
has been observed, but investigation indicated that it was due to 
chemical action pure and simple. 

What was said to be a case of electrolysis in a “solid” iron 
tube which passed through one of the hand boxes of the subways 
on Park Row, this city, was reported to me four or five years 
аро. ` On investigation I found a smal! hole about three-fourths 
of an inch in diameter in the said tube. As, however, I was 
aware that there had been a “burn out” in a joint of one of the 
* high-tension" cables in close proximity to this pipe I con- 
cluded that this was the result of a different kind of electrolysis . 
to that which we are discussing. Furthermore, a test of the con- 
ductors in the tube in question showed them to be up to the 
usual standard; proving that the defect in the tube was of very 
recent origin; the нүк material of the conductors being of 
& fibrous nature. 

I mention this unusual incident, however, because of the fact 
that at the time of its occurrence I made an electrical survey of 
this entire neighborhood, over a distance of about half a mile 
from the Post Office east, testing from the subways to gas and 
water mains, and elevated road structures, and obtained readings 
of froin two-tenths to five-tenths of a volt at every point tested. 
The deflections were steady, indicating the source to be at some 
electric light station. These tests were made, it will be under- 
stood, long before the trolley roads crossed the Brooklyn bridge. 
As а result I concluded that readings of this nature would prob- 
ably be found in any city where electric light and power,or even 
telegraph terminal stations were in operation. 

Mr. nudson’s query at the bottom of page 623 regarding the 
possible condition of the anchor bolts and iron foundations of 
the pillars of the L structure where his tests showed them to be 
positive to the surface rails and water pipes, recalls to my mind 
a case in which 1 was interested some time ago. It does not 
answer his inquiry, but it may be interesting in connection with 
it. At the time when the surface roads of Brooklyn had decided 
to change from horse power to the overhead trolley system, 
application was made by one of the surface roads to one of the 
elevated roads in that city for permission to use their structure 
for the support of their trolley wires and feeders, wherever they 
ran under them, which, as is well known, is the case for consider- 
able distances. Тһе chief concern of the elevated road author- 
ities was as to what effect a possible contact of the trolley wire 
with their structure would have upon a passenger on their lines, 
or upon а passer-by in the street, who might, at that time, touch 
the structure. Being consulted on that and other points, I ex- 
pressed the opinion that no apprehension need be felt on the 
score of injury to any one coming in contact with the structure 
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-under the conditions stated, excepting under almost impoasible 
circumstances, but I strongly recommended for other reasons 
that in the event of the desired permission being given, it be 
provided that no intentional electrical contact should ever be 
made with the elevated structure. The desired permission was 
given, but I presume tlie recommendation was overlooked, for 
in the course of a year or two it was discovered that the surface 
road had at various places connected their rails by large copper 
wires to the iron pillars of the structure, under the surface. On 
being required to vacate the premises, so to speak, I believe it 
was naively claimed that this use of the structure went with the 
right to suspend their wires from the structure. If I am not 
mistaken, I think the further contention was made that the 
passage of the electric current through the structure would be a 

ositive benefit to it; possibly on the principle that ** electricity 
18 life." Of course the structure was an excellent return wire. 

The information which Mr. Knudson has been at the trouble 
to obtain for us regarding the Brooklyn bridge anchorages, ete., 
is certainly interesting and valuable, and while he is in no sense 
an alarmist, rather the contrary, with regard to the ultimate 
effect upon the bridge terminale of possible electrolytic action, 
the results which he has obtained should be an incentive to the 
proper authorities to take every possible precaution to avoid any 
possible detrimental effects. 

The fact that theanchorages are securely and deeply embedded 
in cement should perhaps not be accepted too surely as a positive 
obstacle to electrolytic action, especially as high voltages may be 
placed upon the structure. 

I have more than once pointed out that although the iron pipes 
of the New York subways are embedded in cement, and might 
therefore be considered as partially insulated, there lias never 
been a time when the lead coverings of the cables therein have 
not furnished excellent “grounds.” Dr. J. A. Fleming, also, in 
& paper recently delivered before the British Association, on 
“The Electrolytic Corrosion of Water and Gas Pipes by the 
Return Currents of Electric Tramways,” has expressed the 
opinion that the conduction through such materials as moist 
clay, cement, etc., must in great part at least be of an electrolytic 
character. 

Pror. A. C. Рескнам -— Мау I ask Mr. Knudson à question— 
if he knows whether this tie-rod was horizontal in tlie ground, or 
whether it stood edgewise. The question is based upon the idea 
that it may be difficult to account for one edge growing thin if it 
lay flatwise in the ground. But if it lay edgewise it might be 
natural to suppuse that the lower edge would be the one that 
would grow thin. 

Mr. KNupsos :—It lay edgewise in the ground, being an inch 
and a half wide. The lower part was the side that was cut the 
most. Thatis the part that was deepest in the ground. 
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Pror. Pecknam :—It might be supposed that one part of the 
ground would be damper than another. 

Mr. Knupson :— They were all in just about the same condition. 

Mr. Tuarcuer T. P. Luqguer:—I would like to ask Mr. 
-Knudeon if he knows whether there is a return feeder for the 
Union railway on 135th street, or whether there is anv method 
used for bonding the rails efficiently. 

Мк. Knupson :—I have seen no indication of any overhead 
return feeder at all. 1 presume, however, that the rails are 
bonded, but just how well thev are bonded, of course I do not 
know, ав they are covered up with earth. 

[Information on this point raised bv Mr. Maver and Prof. 
Peckhain, received since reading the paper. shows that the pres- 
ence of the ground wire is probably the cause of the tie-rods be- 
ing eaten away at the middle. 

[һе wire is usually placed on the ties midway between the 
rails, and consequently but a few inches below the rods. Тһе 
escaping current in such case would pass from abont the middle 
of the rods to the ground wire (the rods and rails being positive 
to earth and pipes,) and the excessive cutting at this portion of 
the rods would. without doubt, be accounted for. A. A. K. 
= Mr. Jesse M. Surri:—I would like to ask Mr. Knudson for 
my own information, being a stranger in the city, how they pro- 
pose to overcome the difficulty in the new lines on Sixth avenue 
and Broadway. 

Mr. Kyvpson:—Metallic cireuits will be used. There are 
two conductors with the open conduit system, lying side by 
side. Of course there is little inducement for a current to be 
diverted from those conductora, and straving off on iron pipes, 
and taking some other course back to the station. It is con- 
fined to those conductors. 

Mr. Ѕмітн :— Both insulated of course from the conduit! 

Mr. Knvupson :— Both insulated. ! 

Mr. Townsenn Worcorr:—I would like to ask Mr. Knudson 
if he observed any great difference in the quality of the soil —if 
the chemical nature of the soil has anything much to do with 
electrolysis. 

Mr. Кхсоокох :— №о. I have not made any examination of the 
soils in the different parts of the city. 

Mr. Worcorr:—It is a little hard to understand just what 
becomes of metal chemically unless there is ап acid of some 
kind present. I know it as a fact, (I have tried it myself), if 
you take two copper wires from a dynamo—(I think the dynamo 
I tried was about 300 volts) and stick them in a pail of ordinary 
well water, pretty nearly pure, the positive wire will be corroded 
away іп а very short time. I believe it was a No. 4 wire I used. 
It was pointed as sharp as a needle in а few minutes by the 
electrolysis. But I do not know in what form the copper 
went into in solution. I did not make any chemical analysis or 
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Y 
anything of that kind. But there was the fact that nearly pure 
water will dissolve copper under the influence of current. Of 
course if there had been any acid in the water, it would have 
gone very much faster. 

Tue Presipent:—Has the author any further remarks to 
make? 

Mr. Knupson :—I think not, with the exception perhaps re- 
garding the last remark made by Mr. Wolcott, I would say that 
so far as my knowledge goes, the character of the soil is about 
the same in all of the cities; for instance that up town from 
where we got this sample, is shown to be sufficiently electrolytic 
to cause that much corrosion. I have no doubt that the same 
character of the soil exists in every part of New York city as 
well as in other cities. Some of the reports from Dayton, Ohio, 
which I did not quote, that are published in the pamphlet, show 
analysis of the character of the soil there, and it is evidently 
about the game as it is here. In some cases the action on 
pipes has shown a covering something similar to graphite where 
electrolysis has acted upon it, and I have no doubt that the soil 
in most of the large cities of the country is of just about the 
same nature. 

Mr. Worcorr:—There are some parts of Manhattan Island 
where the soil is almost clean sand, if you go down a little depth, 
hardly any organic matter. I have no doubt that a soil, for 
example, that contained iron pyrites would corrode the wire very 
much faster on account of sulphuric acid being formed. 

Mr. Jesse M. Әмітн :—1 think that the soil of all cities cer- 
tainly contains a great deal of animal matter, animal acids, due 
to the droppings of the horses and from nuisances of that kind 
in the street, making a soil which is admirably adapted for elec- 
trolytic action, particularly where there is water present, as there 
is nearly always especially in streets paved with stone. 

I want to state a fact which is probably known toa great many 
of you, that in the city of Cincinnati they started out at the 
beginning with an overhead double trolley system of electrical 
transmiseion for railroads. They have persistently stood by that 
svstem, and I think it is probably the only city in the country 
where the double trolley is used to any great extent. My in- 
formation is that they never have had any trouble whatever from 
electrolytic action in that city, although the electric lighting is 
largely done by underground conductors. But all of the trolley 
system, and it is a very large one, has overhead double con- 
ductors, and in that way there is no loss of current from the 
mains to the water pipes or gas pipes, and I understand that they 
find it a great economy to put the two conductors above ground 
where there is no leakage from one to the other. 


[ ADJOURNED. | 
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The 129th meeting of the AMERICAN IntTsITUTE OF ELECTRICAL 
ENGINEERS was held at 12 West 31st Street, this date, and was 
called to order by President Kennelly at 8:10 P. M. 


Tue Sroretary: At the meeting of the Executive Com- 
mittee this afternoon the following associate members were 


elected: 


ABBE, CLEVELAND Professor of Meteorology, The 
Weather Bureau, Washington, 
D. C. residence 2017 I St., N. 
W. Washington, D. C. 

Superintendent Mutual Telephone 
Со ‚ Honolulu, Hawaiian IJslands, 
U.S A 
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eering Dept. International Cor- 
respondence School, 631 Madison 
Ave., Seranton, Pa. 

Assistant to Robt. McF. Doble, 
202 Sansome St.. San l'rancisco, 
residence, Blue Lakes City, Cal. 

Patent Attorney and Expert in 
Patent Causes, 54 State St., 
Boston, Mass. 

HoFFMANN, BERNHARD New York Telephone Co., 15 Dey 

St., New York City. 


CASSIDY, JoHN 


Fry, DoNALD Номе 


HAMILTON, JAMES 


JAMES, Harry D. Expert Draughtsman, Otis Bros. 
| & Co., residence, 100 Buena 


Vista Av,, Yonkers, N Y. 


First Asst. Engineer, 
Wheeler Electric Co.. Ampere, 
residence, Montclair, N. J. 

LeitcH, Howarp WALLACE Switchboard Regulator, The 

Edison Elect. Illuminating Co., 

residence, 873 Madison St., 

Brooklyn, N. Y. 


Knox, S. L. G. 
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T. C. Martin. 
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Geo. H. Guy. 
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D. C. Jackson. 
J. Glen Wray. 
W. H. Donner. 


Geo. P. Low. 
T. E. Theberath. 
Е, P. Medina. 


E. L. Nichols. 

H. J. Ryan. 
Fred'k. Bedell. 
Stephen D Field. 
U. N. Bethell. 
Herbert Laws Webb 
W M. Scott. 

C. W. Pike. 
Edwin R. Keller. 
Gano S. Dunn. 
F. V. Henshaw. 
F. M. Pedersen. 
Sam'l. Sheldon. 


Ralph W. Pope. 
J. W. Lieb, Jr. 
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LonMANN, R. W. 


Rexo, C. STOWE 


SreERLING, R. H. 


WILKINSON, JAMES 


ZAHN, A. WILFORD 


Total 14. 


The following 


membership : 


ASSO, MEMBERS ELECTED AND TRANSFERRED. 


Electrical Engineer, 1887 Madison 
Street, Oakland, Cal. 


Electrical Engineer, Triumph Elec- 
tric Co.. 620 Baymillen Street, 
Cincinnati, Ohio. 


Assistant Engineer, British Colum- 
bia Electric Railway Co., Ltd. 
Vietoria, B. C. 

Station Manager, Chief Engineer, 
Consolidated Electric Light Co., 
812 South 19th Street, Birming- 
hain, Ala. 

Electrical Engiueer and Supt., 
Manhattan Light, Heat and Pow- 
er Co., Manhattan Building, St. 
Paul, Minn. 
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Geo. P. Low. 
Sidney Sprout. 

F. F. Barbour. 
T. J. Creaghead. 
Thos. French, Jr. 
A. L. Searles. 


W. F. C. Hasson. 
F. F. Barbour. 
Wynn Meredith. 
Geo. H. Harris. 

S. R. Gross. 

R. W. Pope. 


G. D. Shepardson. 
C. L. Pillsbury. 
A. A. Nimis. 


associate members were transferred to full 


Approved by Board of Examiners, March 18th, 1898. 


BrookE-Ripnty, A. E. Agent, Electrical Engineer, Siemens & Halske 
Electric Co., San Francisco, Cal. 


Approved by Board of Examiners, October 20th, 1898. 


FRANKLIN ROBERT ANSON, Secretary and Manager, Salem Light and Trac- 


tion Co., Salem, Oregon. 


Ѕірхеү Hanp Browne, Consulting Electrical Engineer, Baltimore, Md. 


Tue Presipenr: The paper for the evening, advance copies 
of which are in your hands, is on the Design of Alternating 
Current Transformers. It is somewhat lengthy, and it contains, 
as you will notice, a number of mathematical expressions. Such 
a paper is very difticult to have read aloud, but Prof. Franklin 
has kindly promised to present the salient features of this paper 
in such a manner that we will be able to follow it. 


A paper presented at the 129th Meeting of the i í 
American Institute of Electrical Engineers, 
New York, November 277d, 1898, President 
Kennelly tn the Chair. 
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THE DESIGN OF TRANSFORMERS. 

ON Tux Best PROPORTIONS To GIVE TO TRANSFORMER CORES, AND THE 
Most ADVANTAGEOUS DISTRIBUTION OF THE WastrEeD ENERGY, 
TOGETHER witH A Direcr Meruop кок THE DESIGN ОР 
TRANSFORMERS, IN ORDER то Ostain Maximum Arr-Dav 
EFFICIENCY. | І 


BY FREDERICK W. CARTER. 


I. /ntroductory.—1n designing transformers it is usual to 
assume values for certain of the quantities which occur, and to 
determine the details of the transformer to suit the preseribed 
values of these quantities. Thus, the maximum induction to 
which the iron is subject, the proportions, or even the size of the 
cross-section of the magnetic circuit, the resistance of the coils 
and the maximum current density in them are often assumed. 
It is not, however, necessary in general that these quantities 
should have these prescribed values, and, in fact, in practice the 
effect of changes in the assumed quantities is tried, and the best 
transformer is really arrived at by a method of trial and error. 
Any such method is, however, tedious and imperfect in the case 
of a machine in which there are so many quantities that may be 
varied, and the present paper is intended principally to determine 
once for all the conditions of proportion and distribution of wasted 
power which lead to as little loss of energy as possible. The 
traneformer may be made to satisfy these conditions by the method 
of trial and error, by successive approximation, or by any other 
method that may be thought suitable by the designer, but as the 
analysis used indicates a perfectly direct method of obtaining par- 
ticulars of the transformer to satisfy the outside conditions and 
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to give minimum waste of energy with materiale of given quality, 
the author has included a description of the method in the paper. 

The assumptions on which the work is based are: 

1. That the hysteresis loss is given by Steinmetz formula, that 
is, it varies as the volume of iron, as the frequency, and as some 
power of the maximum induction. (The 1.6th power is generally 
taken. but the results are worked out for a general index in Ap- 
pendices B and C ) 

2. That the eddy current loss varies as the volume of iron, as 
the square of the frequency, as the square of the thickness of the 
core plates, and as the square of the maximum induction. 

3. That the ohmic loss varies as the resistance of the coils and 
as the square of the current in them. 

These assumptions are probably sufficiently nearly correct for the 
work, especially over the range of induction which occurs. 

All that we shall assume known at the outset concerning the 
transformer itself are: 

1. The magnetic quality of the iron of the core. 

2. The electric quality of the copper of the circuits. 

3. The thickness of core plates and the amount of insulation 
between them: aud often — 

4. The maximum current density allowable in the coils. 

The second of these is practically invariable, or so far as it 
varies, it chiefly depends on the temperature of working. The 
third is discussed in Appendix A. The fourth is usually assuined, 
because, as shown in section vir., some condition is necessary to 
fix the absolute size of the transformer. 

The outside conditions supposed given are: 

. The primary and secondary voltages. 

. The frequency of alternation. 

. The normal full load. 

. The load time curve, as nearly аз it can be predetermined. 

5. The wave form, or the form factor, of the primary р. р. 
wave wherever possible. 

The fourth of these is required because it is the “ all-day” effi- 
ciency that is made a maximum, and the conditions of load should 
be known as nearly as they can be predetermined. When the 
fifth condition is known, the transformer can be designed to suit 
the wave form, which, although it has no effect on the proportions 
of the transformer, atfects to some extent the absolute size and 
the number of convolutions of the wire. 


f= & BO „я 
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The satisfaction of the condition of maximum efficiency, besides 
making the energy wasted as small as possible, will also give 
minimum heating for the amount of radiating surface, since the 
heat developed is а direct measure of the energy wasted. Again, 
the drop of secondary voltage as the load is increased depends 
principally on the ohmic resistance; a type, then, which has 
small ohmic losses should have this drop of voltage correspond- 
ingly small, so that making the waste of energy a minimum con- 
duces to good regulation. The result will show that the shape of 
the core is not favorable to large magnetic leakage, so that the 
regulation on this account, too, should be good. 

The transformers contemplated are of the clused-iron-circuit 
type and the load ів supposed non-inductive. 

. IL. Sources of Waste Considered. — Тһе chief sources of loss 
of energy in a transformer are: 

1. The ohmie loss in the primary and secondary coils. 

2. The hysteresis loss in the core. 

3. The eddy-current loss in the core. 

Of these, the last is usually sinall compared with the two pre- 
‘ceding it, and the calculations of the size of the various parts are 
best performed by neglecting it in the first instance, and then, if 
. required, applying corrections to the results in order to take 

account of it. (See Appendix A). 

III. A Theorem on the Distribution of the Losses Between 
the Magnetic and Electric Circuits.—The first proposition we 
shall prove is concerned with the distribution of loss of energy 
between the iron and copper circuits and may be stated thus: 

* Given the iron circuit of a transformer of prescribed output, 
then, in order to make the wasted energy a minimum, the num- 
ber of turns of wire in the coils must be such as to make the 
ohmic loss equal to 0.8 times the hysteresis loss, plus the eddy 
current loss." 

This statement assumes that the index occurring in the Stein- 
metz formula is 1.6. Be it otherwise, a small obvious change 
must be made in the statement of the proposition ; in fact, if it 
be e then instead of 0.9 we must write ¢/2 in our enunciation. 
The copper circuit, including its insulation, is supposed to take up 
all the space allotted to it, so that any increase in the number of 
turns in the coils necessitates a corresponding decreagein the cross- 
section of the wire. In other words, the total cross-section of 
each coil is known. 
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Let A be the total cross-section of copper in the primary. 
l the mean length of a turn of the primary. 
п the number of turns in the primary. 

and Z the primary current. 


Then A is the cross-section of the primary wire and 
in ] 
oT or of п? 
x A 
n 


is the resistance of the primary, where p is the specific resistance 
of copper. Thus the power wasted in the primary = 
0 t п? Pa т 

Similarly the power wasted іп the secondary varies ав the square 
of the number of secondary turns, ог as »", since the ratio of 
transformation is supposed given. | 

Thus the ohmic loss varies as »?, and if we call it 9, we may 
write 2 = wn’, where w is independent of л. 

The maximum number of lines of force through the magnetic 
circuit is 

Vm 108 


2zfn 


at no load, where Fm is the maximum value of the potential 
difference between the primary terminals, and f is the frequency. 
The number is very slightly less at full load, but we are only 
concerned with the fact that it varies inversely as n at all safe 
loads. Hence the induction, which is this divided by the area of 
cross-section of the magnetic circuit, varies inversely as л. 
Hence the hysteresis loss, which varies as the induction to the 
power of 1.6, varies as n^. 

Thus if Zf be the hysteresis loss, we may write H = А n^!*, 
where / is independent of л. | 

Again, the eddy current loss varies as the square of the induc- 
tion, and therefore as т“. | | 

Thus if Æ be the eddy current loss, we may write E = e n-*, 
where e is independent of n. Hence if W be the total loss, 


W-2--Z-J-E 
= wn--hn^*--en? 
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thus 
и 2 w n — 1.6] n?*-—9en2, 
Ò N 


This is zero when W is a minimum, 
2 2 —1.6 ~-2 
с (о w — 0.8 A n —e n’) = 0 
n 


or 2 = 0.8 H + Е, which proves the proposition. 


The fact that this solution corresponds to a minimum value of 
W, and not to a maximum, can be seen from the nature of the 
case, or from the fact that 


FW 
д n? 
which is necessarily positive. 

IV. Extension of the theorem to the case of a variable load.— 
The above conclusion is true whether the load is constant or 
variable, provided that, in the latter case, by the various losses 
we understand the time average of those losses. For if W be 


the time average of the total loss, using the same notation as in 
the last section, we shall have 


T T T 
= p fondtt gs f htdtz forat 


where w, A, and e, are now functions of f. 


Thus 


T T Е 
1577. nibo Patti е. 


Hence, if 


= 2 w + 1.6 x 2.06 A n™ --2x 3h n^ 


^ 
T Z 

1 Гета 55 hn dt 7, e n^ d t 
or — 


where 2, H, апа Æ, are now the time averages of the ohmic 
loss, the hysteresis loss, and the eddy-current 1088; respectively. 
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V. Limite of the theorem.—]t is to be understood that the 
theorems of the last two sections refer to a traueformer whose 
соге is given. Ina transformer where some other condition is 
prescribed, we might find the relation between ohmic and iron 
loss, required to give minimum total loss, to be quite other than 
that found above; but having so determined the transformer, we 
can, with the same core, always find a copper circuit of the same 
weight, whieh will give less total loss, but it will only be by 
violating the prescribed condition. For instance, if the ohmic 
loss is prescribed, we shall have the total loss a minimum when 
the iron loss is as small as possible. Thus, a large core, and a 
large number of turns of thick wire, will give less loss than a core 
designed to make the ohmic loss equal to 0.8 times the hysteresis 
loss together with the eddy-current loss; but, given that larger 
core, we can, with the same weight of copper make a more ећ- 
cient transformer by satisfying thie relation, though it will, by 
diminishing the ohmic loss, violate the prescribed condition. 

In fact, if the relation proved above is not satisfied, we can, 
without altering the core, and without altering the weight of the 
copper, (and so, practically, without altering the cost,) improve 
the transformer, as regards efficiency, by satisfying this relation. 
So that, hereafter, in designing transformers, we shall usually as- 
sume that the above relation is to be satisfied as well as the pre- 
scribed conditions. 

VI. Direct application of the theorem.—The results of 
sections 3 and 4 enable us immediately to find the number of 
turns of wire іп the primary and secondary coils, which | will 
make the efficiency a maximum, when the core is given. For if, 
as before 2, H, and Æ, be the average values of the ohmic loss, 
the hysteresis loss, and the eddy-current loss respectively, and 
we write 


Q = о т? Н = ћ пт!% E-en-^, 
, ? 


where w, Л, e, are independent of n, then, to a first approximation 


2 = 0.8 П, 
or w 1? = 0.8 An, 
or ns = 0.8 h Я 


в) 


and А, о, аге known in terms of the size of the core, and the 
quality of the materials. 
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The correction to be applied to this to take account of eddy- 
current loss is easily made. 

For suppose n given by the equation above, and n + dn to 
satisfy 


2=0.8 H + Е, or that 
о (п + à ny? = 0.8 A (n + dn)? 4+ e n>. 
Thus 
Ju 
n 


2 n? о = — 0.8 X 16 An" дп + en, 
n 


neglecting squares of small quantities. 
This may be written 


7 n 

Òn 
or 3.6 лё o — =e n^, 

7 

—2 
en 
or д n = TU ER 
, 8.6 wn 


The calculations required to find w, A, and e, will be given 
hereafter. ($ $ хуп. and хуш.) 

VII. Necessity of a condition to determine the size of the 
transformer.—If the proportions only of the core are given, and 
not the actual size, then, as stated in the first section, some con- 
dition will be necessary to limit the actual size, as there is no 
transformer whose waste of energy is an absolute minimum, 
when only the quality of the materials and the external condi- 
tions are given. This ean be seen as follows :— 

Suppose the linear dimensions of the transformer are increased 
æ times in all parts, except the ¢hzckness of the core plates, which 
is to remain constant. 

Since the output and voltage are given, the currents are 


practically given, hence the ohmic loss varies as the resistances 
length of wire 1 1 


that is ав o of cross-section 97 88 Tinear dimensions ОТ 88.— 


Again, since the voltage and frequency are given, and the 
number of turns of wire remains constant, the total flux of 
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magnetic lines remains constant, hence the induction, or flux per 


в 


unit area varies as E 
or 
Now the hysteresis loss varies as the volume of iron and the 
1.6th power of the induction, that is as а? (x~*)'*, or as 
a? x a ?* or as E^ 
_ And the eddy current loss varies as the volume of iron and the 
square of the induction, that is as 2? (27°), or as 


a? x a, or as E 
x 


Thus this increase of the transformer diminishes the ohmic and 
eddy current losses x times, and the hysteresis loss z^? times; so 
that all the losses are decreased by the increase of the size. 

Of course, if the index of the power of the induction in Stein- 
metz's forinula were less than 1.5, the hysteresis loss weuld in- 
crease slightly with increase of size, but as exact proportionality 
need not be aimed at in the increase, there is little doubt that, by 
slightly increasing the number of turns of wire on the coils, we 
could always make all the losses decrease, by increasing noe size 
of the transformer. 

Thus, we see that some condition is necessary to determine the 
absolute size of the transformer. Practically this is limited, on 
the one hand by cost, and on the other, by considerations of safety, 
performance, and economy. The ideal way of proceeding with 
the design would be to allow these limits to determine the size. 
They, however, are not definite, and are incapable of being ас- 
curately expressed, in any simple manner, in terms of the linear 
dimensions. In the last section the size was determined by the 
віле of the core. In order to investigate what core will best satisfy 
our conditions, we shall assume that the maximum current density 
in the copper is given. This is a usual assuinption to make in 
designing transformers, and the current densities practically used 
are well known. The ohmic loss рег unit volume of copper is 
determined by the current density, which is, accordingly, inti- 
mately connected with the heating, and which will not vary very 
much between different transformers of the same standard of ex- 
cellence. | 

ҮШ. Principles of the design of a transformer whose pro- 
portions are given.—We will now discuss the question of the 
actual size of a transformer whose proportions-áré)given, which 
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will satisfy the relation proved in sections 3 and 4, and be such 
that the maximum current density in the copper is given. 

Since the power and voltage are given, the maximum current 
in each coil is practically known; so that, to be given the max- 
imum current density, is virtually to be given the size of the wire 
used for the coils. 

Let а, b, c,—be proportional to linear dimensions of the trans- 
former. 

Let x a, xb, т c,—be the corresponding actual linear dimen- 
sions. Since the cross-section of the wire is given, the number of 
turns, (7), varies as the area of the winding space, orn о а", 

Now the induction varies inversely as л and inversely as the 
area of cross-section of the magnetic circuit, and therefore, in- 
versely as a. 

Hence the hysteresis loss, which varies as the volume of iron, 
and as the 1.6th power of the induction, varies as а? (z7*)^, or as 
qt 

Thus if we call it //, we may write, 

П = ЛА, 27°, where /, is independent of г. 

Similarly, the eddy-current loss varies as the volume of iron, 
and the square of the induction, or as 2? (2 !f, or ав т, 

Thus if we call it Æ, we may write 

E = e, «75, where e is independent of 2. 

The ohmic loss, since the maximum current density is given, 
varies as the volume of copper, or as ic’. 

Thus if wecall it 2, we may write 


Q = w, а? where о; ів independent of г. 
Thus 2 is given by the equation 
о, = 0.8 À, a 4 е 27°. 
To solve this, we may first neglect Æ, and so get 
hy 


с, 


26% — 0.8 


which gives a first approximation to a. 
The correction to be applied to this to take account of the 
eddy-current loss may be found thus: 
Calling the correction to be applied to 2, д 2, we shall have 
дт given by 
w, (x + д x) = 0.8 |, qux + дж) 4+ e (2 4-0 2), 


where z is given by 
w, а = 0.8 A, 2735; 
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thus 
30, c? Jj as 8.4 x 0.8 А, 2—34 да + е 275, 
ТА а 

ог 

Ox ee 

6.4 w 2 — = е © 9 

2 

ог 
m 
па, 
7 6.4 w, 2? 


The calculations required to find w, ^, and e, will be given here- 
after. ($$ хуп and хуш.) 


IX. Discussion of the same design, when the conditions of 
S$ III and IV are not assumed.—]lt must be observed that the 
problem of the last section is quite different from that of finding a 
core which will give the greatest efficiency with the given cross- 
section of wire, and, just as in § v we found that, for а 
minimum loss of energy, the core would have to be infinite, 
when the ohmic loss is prescribed, so here we may show that the 
core which gives least wasted energy when the cross-section of 
the wire is prescribed, is larger than is required to give the best 
distribution of losses between iron aud copper. 

For, using the same notation as in the last section, if W be the 


total loss, 
W 


9-- H+ Е, 
оа? + A zr --ea? 


QW. 
óc — 


Hence if Wis а minimum 


iu um M hic E э e, 2 ^, 


3 оза? — 3.4 h 2744 — 5 еа % 


or 


9 —1413 H 4- 1.61 Е 
Thus 908 A+ Е. 


Ilence, if we increased the cross-section of the wire and di- 
minished the number of turns, we should diminish the ohmic 
loss, and inerease the iron loss, but we should diminish the total 
loss. The increase of the cross-section of the wire is not a detri- 
mental variation, во that, as a rule, it will be advantageous to as- 
sume that the given cross-section of the wire is that which makes 
the energy wasted as small as possible wzthy the-core found ; in 
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other words, the method of design given in the last section is the 
appropriate one to apply to the problem. 


X. The shell transformer, which gives least waste of energy, 
considereS —Thus we see how, when we are given the propor- 
tions of the core, we ean find the size which will give least 
wasted energy, subject to the condition that the maximum cur- 
rent density is preseribed. We will now investigate the subject 
of the best proportions to give to the core, in order that the 
efficiency may be à maximum when the maximum current den- 
sity is prescribed as before. We shall also assume that the 
copper circuit is that which gives greatest efficiency with the 
соге found, in other words, we shall assume the condition of sec- 
tions 3 and 4. . 

It will be necessary to fix upon the general type of the traus- 


ELEVATION PLAN "n 
Fig 1 


former, and I shall deal first with one of the ordinary shell type, 
in which the dimensions a, 5, c, /, are as indicated in the aecom- 
panying diagram. (Fig. 1.) 

Since the maximum eurrent in the coils is known, as also the 
maximum current density, the cross-section of the wires is 
known. Hence the number of turns in а coil varies ав its cross- 
sectional area, that is as the winding space. Hence, if л be the 
number of primary turns.— 


n varies as a c. 


Again, the magnetic induction varies inversely as the cross- 
section of the magnetic circuit, and inversely as n, that is, in- 
versely ас. bl. 
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The volume of iron varies as the measured volume of the core, 
that is as 2 bl (и + b + с), or as bl (а + b + c). 

The hysteresis loss varies as the volume of iron and as the 1.6th 
power of the induction, that is, as b Г (a + b + с) (ae b 0). 

Thus if 77 be the hysteresis loss, we may write 


Н = Ihe +b 4.0) bI (а o)?" 


where //, is independent of the dimensions. 

The eddy-current loss varies as the volume of iron and as the 
square of the induction, that is as b/(a+db+c) (a e b D>. 

Thus if Æ be the eddy-current loss, we may write :— 


E — EV (a 4- 5 -- o) (6 D? (ac)? 


where / is independent of the dimensions. 
Since the current density is given, the ohmic loss varies as the 
volume of copper, that is as the volume · of the coils, that is as 


ac(2l+26+4 с), (assuming the ends of the coils to be semi- 
circular.) , 
Thus if 2 be the ohmic loss, we may write :— 


9 = 9 ac(2Ll--a 6 + о), 


where (2, is independent of the dimensions. 

The problem we have to solve, is to find the values of a, b, c 
and /, which make 2 + H + Еа minimum, subject to the con- 
dition, 2 = 0.8 // + Е, or as we may state it, we have to make 
the total Jose, —whieh we will call W, and write W = 24+ H 
+ E+ A (2 — 0.8 7I — Е), а minimum where A isa constant 
so chosen that a = 0 identically for the values of a, b, c, 1, 
which give maximum efficiency, and а, b, с, are now independent 
variahles. 

Tence 
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à 651 
ò wW 2 = \ 
27 mx D c кейшй dE e 

т = (1+4) YR р ( ) Г | 
mw 
1 16 
S = (1+ K) 02 4 (1-08 K) н | vn 
ё W 


3;7^ (1+) 9 


аы 1—0.8 КУН 
pu. кы + ( ) 


СЕЕ Ер tote —}]= j 
Te +00 Lt pu +1 ]4+0—08K) i 


1.6 2 
I—E)E| 52] =0 
FE 7p atbte — J 
In order to solve these, we will, as usual, first find an approx- 


. imation to the solution by neglecting the eddy currents 
Thus we get 


UL Кеш | = | 
I 
| 
| 
| 


(1--K)9  03[2/4-25--] 1.66 ings 
(0—o8A)H { at+tbte 
_ (2l42b+e][0.6a-c—0.45] _ [1.6 a+b+0.6 c] [21-те] 
z b (a 4-5 +4 e) [« 4-5 е) [22 -- 36 4-2 с] 
and 2 = 0.8 77. 
These have the unique solution 
é_a_b_e 
Ər 14 9 7 
= 1 
апа a (See Appendix B). 


Thus the proportions of l, а, b, and c, are found, and their 
absolute values are given by the equation 
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Had the solution not been restricted by the condition €9 = 
0.8 H, we should have found the same proportions for /, a, b, and 
с, but their absolute values would have been given by 2 = 1.138 
H, which latter fact also follows from $ ix since the pro: 
portions are the same as when the equation £ = 0.8 H is satis- 
fied. 

These results follow immediately by putting A = 0 in the 
equation above. 

As is shown in § 1x, however, we shall do right to as- 
sume that the conditions expressed by the equation 2 = 0.8 H, 
are satisfied. 

Thus the absolute valne of the dimensions is given by this 
relation, and, expressing them all in terms of с, we get 

cê = 0.0138 s 
“1 

So that we have found the first approximation to the required 
values of /, а, b, and c. We can now find the corrections to be 
applied to the values so found. То do this, suppose the correc- 
tions to be applied to /, a, b, and с, to beA/, аа, B b, and y c, 
respectively, so that the correct values of the magnitudes in 
question are / (1 + А), a (1 + à b (1 + B), and e (1+ 5), re- 
spectively; then, if 2’, H’, and Æ”, are the first approximations 
to the ohmic, the hysteretic and the eddy losses respectively, the 
true value of these losses to the second approximation will be 


"m SERERE 


9 
ir (i 9+ Iur 


and Æ respectively, and equations І. of this section reduce to 


E' 


6.12 a +086 P+ 6.197 +4591 = 305 7 — 2 K, 

6.75 a 4- 1.91 B + T.10 p -E 3.943 = 290 7, — 3K, 
— | CY. 

алза EB 6127p 4124s 5112 9 x, 


вза L34 A+ &14 p 4- 2.984 — 2.834 —0 А. 
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Whilst the equation 


Q=0S HE 
reduces to 
3ta +98 4-41 y +1824 = 159 5. 
The solution of these equations is 
E’ 
= y = — 0.036 - 
d y v, 
ae ee E 
8 = 2 = 0.695, 
үү... 
д К = 0.36 "Dis 


(See Appendix СУ. 
To sum up then, the first approximation to the values of 
4, a, b, с, is given by 


and 


17, 
64 — () 01388 ! 
' [7 


1 
whilst the corrected values of these magnitudes are got by in- 


creasing / and ф each by 0.69 a of itself, and diminishing a and 


c each by 0.036 A of itself. 


The calculations proposed to find //,, 2, Æ’ and 2 will be 
given hereafter. (8 xvir.) 


XI. Zhe core transformer, which wastes least energy, consid- 
ered.—W e will next consider the size and proportions to give to 
a transformer of the ordinary core type, in order that the total 
energy wasted may be a minimum, the maximum current density 
being, as before, prescribed. We shall again suppose the condi- 
tions of $ $ 111 and rv to be satisfied. 

We will suppose that the shape of the core is as in Fig. 2, that 
the coils are wrapped on both vertical limbs, and that the wires 
are straight where they pass the edges of the plates, and semi- 
circular across the faces. Let the dimensions a, 5, е, and /, be as 
shown in Fig. 2. 
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Exactly as in the last section we shall have 
1. Number of turns of wire varies as ac. 
2, The induetion varies as (u е. b 1)". 
But the volume of iron is now proportional to 


bl(ate+ 2b), 


and the volume of copper is proportional to 


ac($0-E nb) 


Thus the hysteresis loss, which we will call A, is 


ПИ = Hybl(a--c--25(aebly?*, 


ELEVATION PLAN 
Fig. 2 


where /7, is independent of the dimensions. 
The eddy-current loss, which we will call Æ, is 


Е = Е 01(а + ep 0) (acb, 


where Æ, is independent of the dimensions. 
The ohmic loss, which we will call 2, is 


9 — acl 91-254 i), 


where £ is independent of the dimensions. 
If we write « = 2 а, c = 2 с we shall get, 


H = I.2 x 45b L(a' -E b 4- с) (а с bh, 


[Nov 28, 
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E= E .2 X 4bl( 4-5 -4- с) (а с bly, 
Q= RQ .4«c[20l-4-zxb-Fec]. 
Thus we have to choose a’ b c lso that 


Q -- H + Е may be a minimum, when 2 = 0.8 H + E. 


This is exactly the same problem as that of the last section, 
and the first approximation to the solution will be 


where 


€ —1.6 
094 0.0135 x 2X € Hi, 
0, 
or 


‹^4А — 0.0633 hi 


1 

Thus we obtain the first approximation to the dimensions re- 
quired. The correction for the eddy currents is the same as for 
the shell transformer. 

Thus, summing up the results for a core transformer, the first 
approximation-to the values of /, a, b, and c, is given by 


Po LA шш E and c5* = 0.0633 H, 


М 


whilst the corrected values of these magnitudes are obtained by 


92 


increasing / and 6 each by 0.69 Ё 


PI of itself, and decreasing a 


/ 


and c each by 0.036 a of itself. 
The calculations for finding //,, 2,, E", 2’, will be given here- 
after. ($ хуш.) 


ХП. Remarks on the two preceding sections.—Thus we have 
found the actual dimensions of the cores of transformers, both 
of the shell and core type, which will’ make the loss of energy a 
minimum, when the maximum current density is prescribed and 
the coils are such that no change in them would make the trans- 
former more efficient. These dimensions are given in terms of 
quantities which are known when we know the quality of the 
materiale, and the external and prescribed conditions. 
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We shall next proceed to show in detail how to express the 
quantities involved, in order to directly calculate the particulars 
of the transformer. In any particular case, the caleulations can 
be made, by means of a slide rule, with very little trouble. 

If several not very different transformers have to be designed, 
an approximate value of the eddy current correction might be 
found which would be sufficiently near to apply to all—this es- 
pecially when the particulars of the iron are not accurately 
known. The increase of b and / due to the eddy current losses 
will rarely be greater than 0.2, and the decrease of a and с is of 
the order 0.01. which might in many eases be neglected. It may 
be mentioned that, since the quality of transformer iron deterio- 
rates a little at first, the constants should be taken for aged iron. 

The solution given corresponds to an absolutely minimum 
waste of energy, as will be shown in Appendix D. 


ХПІ. Determination of the average losses in terms of the 
maximum.—We will first show how we may find, approximately, 
the average values of the various losses when we are given thie 
pre estimated relation between load and time. We may regard 
the load as measured by the inverse of the resistance in the sec- 
ondary circuit. If we call this resistance 7, the primary voltage 
V, the resistances of the primary and secondary transformer coils 
R and Æ respectively, and their number of turns » and 7’, we 
may take it as sufficiently near for our purpose to write for the 
primary current (/) 


n? V 


ә 
п? r 
and for the secondary current (7^) 


Jo © 


n r 


Hence the ohmic loss ( 2) at this load 15 


0 = RITA 1 1", 
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If Q, be the ohmic loss at full load, and 7, the corresponding 


resistance 
а= 1000617 
n n Ty 


ә 

rw 
ee 2 mE 2, =» e 
2 


The average ohmic loss 2 is given by 


r 


T 
= 1 fdt ju 
L2= 9, np J as AS 
о 


1 1 
where = is the mean value of — 
Fr ME 7? 


0 3 4 6.8 о we ht 1» 1| ù 2 3 
Fig. 3 Hours 


[The full line curve is between load and time, the ordinate being the fraction 
of full load. The dotted curve is between square of load and time, the ordinate 
being the square of that of full line curve. 

For this curve 

k = 045] 
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Hence, if we are given the curve Fig. 3, between the load, 


(5) and the time, and from it deduce the curve between the 
rf. 


square of the load and the time, the ratio of the mean to the 
maximum ordinate of this latter curve, is the ratio of the mean 
to the maximum ohmic loss. 

The ratio so found, we shall call k, and write 


= 50. 


This approximation will probably be as near as can be relied 
on, as the load curve can in general hardly be pre-estimated with 
very great accuracy. 

The average value of the hysteresis loss will perhaps be very 
near to the maximum value, that is, within perhaps two per cent. 
We сап, however, find this average as follows :— 

The induction, as far as it depends onthe load, varies inversely 


as 1 TEN d nearly ; hence the hysteresis loss varies as 
п r 
n”? R —1.6 
LEE 
Thus if 77 be the hysteresis loss with the load : and H, that 
at no load. 
>, /2 —1.6 
H= H, (1+2) | 
n r 
"2 
= in (1— 1.6 ". 2) 
п т 
approximately. 


Thus, if // be the mean value of the hysteresis losa 


H-H—16- RN, SS 


= Л [1—16 2 


NC , 
7 


1 А : 
where = is the mean ordinate of the load-time curve. 
T 
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Thus the maximum hysteresis loss Æo must be diminished by 


16 "5 R H, 
nè 


LÀ 1 А e 
times the mean Joad, = , to obtain the mean hysteresis loss. 
r 


Thus if we write 


We may notice that 
"2 
" R= Р, 
n? 


nearly, if the maximum current density is to the same in primary 
and secondary. It is also to be observed that # and / are not 
known at the outset, but as /?’ will hardly be more than 444 of 
r, the effect of a considerable error in A’ will have very little 
effect on 7 ; so that we may either estimate /?’ from former ex- 
perience, or, design the transformer roughly, with 7 = 1, and 
then correct it for the small change in 7, if such a degree of ac- 
curacy as the correction implies is really obtainable in the 
quantities. 

In a similar manner, if Æ be the mean value of the eddy-cur- 
rent loss and Ž the maximum value. 


-ah 8 


So that the change in the eddy-current loss is small, and since 
the eddy-current loss is.itself small, we may take the maximum 
value for the mean. 

Thus we have introduced two constants у and 4, such that 


The mean hysteresis loss = 7 times the maximum hysteresis loss. 
The mean ohmic loss = X times the maximum ohmic loss. 


and have shown how to obtain them from the load curve. We 
may note that & may be anything less than unity, whilst 7 is very 
nearly unity but somewhat less. 

We shall preserve this notation for these constants throughout. 
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XIV. Introduction of a constant determined by the insulation 
of the coils. —We will next define a constant which will be re- 
quired in writing down the general expression for the ohmic 
loss, and which depends upon the proportion of insulation be- 
tween the coils. "This is the ratio of the total cross-section of 
copper in the primary or secondary circuit, to the cross-section 
of both coils, that is, of the winding pocket. When the maxi- 
mun current density is given, the size of wire for the primary 
and secondary cireuits is known, so that the proportion of the 
coils taken up by insulation can be predetermined with consider- 
able accuracy. | 

Let с, с, be the cross-sections of the wires of the primary and 
secondary respectively. хо, s'o’, the average cross-section of wire 
and insulation corresponding (wherein «, s', not only include the 
immediate covering of the wire, but the insulation and ventila- 
tion spaces between layers and coils as well; in fact so is the 
quotient of the total cross-section of the primary coil, by the 
number of primary turns). 

Let n, n’, be the number of primary and secondary turns re- 
spectively. 

Then 


n 83g - n х о = the total area of the winding pocket. = A 
let us вау. (A is the “а.с” of Xx x and хі.) 

Now if the maximum current density is to be the same in both 
primary and secondary л о = n’ o’, and if we write each of the 
quantities equal to p A, we shall have 


p À (84+ 8) = A. 
1 a 

sts: 

s and s' are both greater than 1, во that p is less than a half. 
This, ( p), is the constant we shall require. 


р = 


XV. Constants depending on the insulation of the core 
plutex.—Two constants will also be required depending on the 
insulation of the core plates; these can be determined im- 
mediately when we know the thickness of the plates, and that of 
the insulation. 

We will call them g and g’, and they are defined thus: 

q is the ratio of the volume of «ron in the core, to the measured 
volume of the core. 


1898.] CARTER ON DESIGN OF TRANSFORMERS. 661 


q is the ratio of the area occupied by iron in the cross-section 
of the magnetic circuit, to the total cross-section. 

Asaruleg = у. 

The five constants p, q, 4^, 7. ^, are all, then, pre-determinable 
with considerable accuracy, and these are all that we shall re- 
quire, besides those depending on the quality of the materials, 
viz o—the specifie resistance of copper, 7 —the hvsteretie con- 
stant in Steinmetz's formula, and 6—a corresponding constant in 
the eddy-current formula. 


XVI. Detailed expressions for the losses in a shell trans- 
Jormer.—W e will now obtain general expressions for the various 
losses, in terms of the dimensions of the core of the transformer 
and the number of turns of wire on the coils, which number же: 
shall express in terms of the dimensions when the maximum eur- 
rent density is given. 

We will first consider a transformer of the shell type; and 
will suppose the dimensions a, b, c, l to be given by Fig. 1. 

If the maximum currents in the coils are / and J’ respectively 
their number of turns л and л’ and their resistances Æ and 7, 
then the maximum ohmic loss of power is 


Cee a oe eae T 
Now, the mean length of a turn of wire is 2 / + л (b + c), and 
ae 


the cross-section of the primary wire is Z ^ ^, and of the весоп-. 


n 


. а с 
dary wire 2 °°, 
п 


Thus m 
fnt poen T 8 
рас рае 
n 
and 
i =a 2/+7b+e¢ 2 
pue 
Thus 
Q =p 2p (п? Г pn” Ty. 
eap tetto 
рае 


approximatelv.. 
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‘The mean olimic loss is 2 = k Qp or 


ОРО ааа I LP | (1) 


If the maximum current density is given, 


n Г 
pac 
is known. 
Thus if we write 
n Г 
САСА Е PE 
pac 
the current density, in amperes per sq. em., and 
‘ ) à 
DOT d 
n 
the cross-section of the primary wire, 
Q-—2kppac(2l--m5-F-o)9: (2) 


Again if Vand V’, be the primary and secondary voltages (V’ 
is supposed on open circuit), / the frequency and 9 the form 
factor of the primary or secondary potential difference waves, 
(being the same for both)—the form factor being defined as such 
that the mean value, of the volts taken positively, is v times the 
root mean square of the volts,—then the greatest number (ЈУ) of 
lines of force passing through the core is 


y 


Naf 
£f n 


x 10°. 


Of course, if ¢ is not known we must assume the wave to be 


я sine wave and 
909 


T 


Thus the induction, B, which is JY divided by the area of iron 
in the cross-section of the magnetic circuit, is 


_ ¢ Vi 10° 
4fnq' bl 


And the hysteresis loss is /31° ergs per c. c. per cycle. 
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Thus the total maximum hysteresis loss of power is 
iT, = volume of iron X frequency X 7 B'S ergs per second. 


¢ V 108 
4ѓ пч bl 


The mean value (77) of H is 7/7, 


= 295l(a-- 5 + dfa ) X 107 watts. 


„= затда (foo) x 107 watts (3) 


And if the maximum current density is prescribed, so that о 
is known, and 


we shall have 


П -3gyjfi ab (sf кы 


1.6 
107 watts. 
4fpq 239) ^ is 


(1) 


The eddy-current loss varies as the square of the induction, as 
the square of the frequency, as the equare of the thickness of the 
plates, and as the volume of iron. So that if ¢ be the thickness 
of the plates, we may write the eddy-current loss (/) 


E-&24b1(a--b-- 8f? ( б у watts: 
: 4упд bl | 
(5) 
Where & is а constant. 
Dr. Fleming gives the constant 6 = 10— when is in mile, 
the volume in cu. ems. and £'in watts. 
If the maximum current density is given, so that 


ae 
п= Ё 
| с 


ы 
we may write 


E-—6.294bl(a--b + ef (Is) watts. 


(6) 
XVII. Applications of the expressions of the lust section. — 
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We will now apply the results of the last section in the finding 
of some of the constants used in the former part of the paper. 

In $ уг, quantities w, A, and e, are introduced, and equations 
1, 3, and 5, of the last section give us 


o -—2kp 2i+nb+¢ pe 
pac 


А= 949} fbl «во (fe. Ва 


= 250016 b Aff (f om 


In $ уш, we are given the proportions of the core. Let a, Ё, с, 
and /, be proportional to the dimensions instead of the actual 
dimensions, then w, А, and e, are given by the equations 2, 4, and 
6, of the last article as follows: 


w = 2 Кррас [21 + п 4 с] &, 


1.6 


8 2 
42 28951(a tito yo | 0m 
si eg (a 4- +o) J. 4fpqacbl 
And the number of turns of wire on the primary coil is given 
by 


aC 
n = POC ge 
o 
where 
À 
a^* = 0.8 1 
w, 


In $ x, the size of the core is given in terms of quantities 
JI, 2, E', and 2’, which can be found from equations 2, 4, and 
6, of the last section as follows: 


(E pp д', 


E if V TU B | 
„= 2 647 fF apie 10 
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Q = рр д Ы л = 80.5 2, c, 


Kia 2801-10 Ed 


4fpq T 
8 < 
— 0413842 03 7 Uae 
е ? J l 4f р q’ ( ‹ , 


where c is given by 


H 
64 — (0.0138 -—!, 
й 9 


1 


The number of primary turns of wire is given by 


pac 
п = = ~, 
б 


and the number of secondary terms is, of course, 


y’ 


n — m. qe 


Thus we are able to find all the partioulars of the transformer 
in the terms of known quantities. 


ХУШ. Similar expressions for the core type of trans- 
former.—Some small alterations will be required in these results, 
when the transformer considered is of the core type. Let a,b, o, 
and 2 now refer to the dimensions of the transformer shown in 
Fig. 2. 

The volume of iron is now 2 q b l (a+ e + 2 0). 


And the mean length of a turn of copper wire is now, 
2¢+- a (3 4+- ;) 


Thus, corresponding to the six equations of ў хут, we get: 


Ga2kppac| 2l zsb4 © |. Р. 
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== 8 1.6 
П = 96у} 71 (ае 0) Рза x107....8 


D 8 1.6 
H —245jfbl(a +с+2 0) Т | x 107, 


..4 


( o.V.10% )? 


9 к ыы 
h-38400( c 300 | Pees |, 


-E-2895l ep JE ET. 
а аА l 4f. 4' .p.a.c b.l | 

Thus the quantities w, Л, and e, used in § ут, become, for a 
core transformer : 


h=Qqnifblaatet 2 D ( £775) x10 


8 2 
= 28 9 ) 12 7%, 
ЕСРИ ») (fe mu) e 
The quantities w,, Å, е, of à уш now become 
w,=22kppac [2/+л%+% 10, 


( 4. V.10° 0 
lafq pacbl 


Vaf, 


à, = 20737510 A e 2 0) l x107, 


e V100 
l4fq'pecbl 


and the number of turns of wire on the primary coil is given 


by 


SES PLE 425! 


TERE ; 
TEE LES А where r^ = 0.8 


In this, it must be remembered that a, b, е, /, are proportional 
to the dimensions, instead of being the actual dimeusions. 
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We next come to the core transformer of maximum efficiency 
discussed in $ xr. 
Here 


Т E aT 
HU = 89у) 7 77) x 107, 
2,—2kpp9, 


Q9 —2hpp x Зп ё = 15.95 Q d, 
i 


E'= 9б ё pele tite y 9 OF i 9 97 pe 


4.ғ9 p 14° 14 14|14' 14. í 
V 108o)? 
= 1.65 8y 2 e cs. 
d 4/9? 
Where c is given by 
H 
ct = 0.0633 —! 
0.0633 Ü 


1 
he number of turns of wire in the primary coil is given by 


_ рае 
с 


’ 


and the number of turns in the secondary is of course 


n! =n — 


Thus the transformer of maximum efficiency is completely 
determined. (See also Appendix B). 


XIX. Remarks on some of the constants.—Since the dimen- 
sions and particulars of the transformer designed as above are 
given by an equation of the form,— 


ce! = a known constant, 


it follows that a small error in this constant will produce an 
error of only about а sixth of the amount in the linear dimen- 
sions; and, since the energy wasted is a minimum, a small error 
in any dimension will produce but a very smal] increase in this 
waste of energy. 

In the expression for êt, the constant involved to the highest 
power із that which we have called p, and this is raised to the 
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9.6th power. There should, however, be no difficulty in deter- 
mining p, and, if care be taken to so choose it that there is plenty 
of room for insulation, it can hardly be said to be subject to 
error, as there is never any harm in putting a little more insula- 
tion in. 

Some of the constants, such as 4 and с, may not be determin- 
able with any degree of accuracy, but they are worth determining 
as nearly as possible when the highest efficiency is sought. The 
difference in the power factor c for a peaked wave, and for a 
square wave, for instance, may make as much as 20 per cent. 
difference in the iron losses. 

The constant z, in the above formule, should be such that 7 
times the 1.6th power of the maximum induction represent the 
hysteresis loss, in ergs per cu. em. per cycle, at something like 
the right induction. I have preserved 1.6 as the index through- 
out as giving results sufficiently near for most practical purposes, 
and in order to obtain the definiteness given by numerical re- 
gults as far as possible. Nevertheless, the index usually seems 
somewhat less than 1.6. Thus Ewing and Klassen! caine across 
a specimen of transformer iron in which the index was about 
1.475 over the range of induction usual in this work. Accord- 
ingly the resulta of this paper are worked out for a general value 
of the index in Appendices D. and C., and tables are given to 
facilitate the calculations for different values of the index. 


XX. Comparison with actual transformers.—We will now 
show how transformers, designed according to the foregoing 
methods, compare with those at present in use. With this view, 
we will obtain the dimensions and particulars of transformers, 
having the same output, and working under the same conditions 
of voltage and frequency, as two of the transformers at the 
Central Technical College. Moreover, such constants as we 
want at starting, we will take precisely the same as obtain in 
these transformers, and, since the conditione of variations of load, 
under which the transformers were intended to work are not 
known, we will assume, if possible, that thetransformers in ques- 
tion, are designed to best suit their all day load, that is, as shown 
in 8 1v, that the conditions of load are such that the. average 
value of the ohmie loss, is equal to 0.8 times the average value 
of the hysteresis loss, together with the average value of the 


1. Phil. Trans. Vol. 184, p. 1019. 
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eddy-current loss; and we will satisfy the same conditions of 
load in the transformers designed. 

We will consider first, a five kilowatt Westinghouse transformer 
of recent type, and of the shel] pattern. The particulars of the 
transformer are as follows: 


Primary Voltage = 2,000. 
Secondary Voltage = 100. 
Frequency = 100. 


Core 
Thickness of plates (¢) = 13.3 mils. 
Thickness of insulation = 1.7 mils. 
Hence q = = 0.89. (E xv). 
Number of plates 400. 
Length of core (l Fig. 1) = 6 inches. 
Breadth of core (4 Fig. 1) = 34 inches. 
Winding space (а X c Fig. 1) = 53 X 33 square inches. 
Volume of iron = 467 cubic inches, approximately. 
Weight of iron = 130 lbs., approximately. 


Coils 

Primary. resistance 7.32 ohms. 

Secondary, resistance 0.02 ohms. 

Number of secondary turns = 48. 

Mean length of a turn = 34 inches. | 

Area of cross-section of wire = 0.0595 sq. ins. = 0.388 sq. em. Hence 
maximum current density = 840 amps. per sq. inch. 

— 130.5 amps. per sq. em. 

Hence p,—the ratio of the total cross-section of copper in a coil, to the 

area of the winding pocket, is 


49 X MA, — 0.153 (S xiv.) 
5.79 X 3.25 7 


The maximum induction is 3900 lines per sq. em. 
The losses appear to be proportioned as follows : 


Maximum ohmic loss, 100 watts. 
Maximum hysteresis loss, 79.5 watts. 
Maximum eddy-current. loss, 20.5 watts. 


Hence the hysteretic constant 


у = 0.00187. 


and the eddy loss constant 


5 = 10—16 
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We are assuming that the mean ohmic loss is equal to 0.8 
times the mean hysteresis loss, together with the eddy-current 
loss, and, assuming the mean hysteresis loss is 0.99 of the maxi- 
mum, and the mean ohmic loss is А times the maximum, we 


have 
k x 100 = 0.8 x 0.99 x 19.5 + 20.5. 


Whence & = 0.835, and у = 0.99. (8 XIII.) 
Hence, using the same notation as in 38 x and хуп we have 


(See § xvir). 
Q, = 2 x 0,835 x 1.85 x 10 x 0.153 x 130.5%, 
— 804 x 103, | 
П, = 9 X 0.89 x 0.00187 x 0.99 x 100 


Lol 100 (5 x 10° x 0.883 |15, i6. 
z X 100 x 0.153 x 0.89 | ’ 


= 9.98 x 10, 
T m 0.0133 227 x 10 = 1.714 x 10, 
e = 6.57 ems. 


Again 
E’ = 0.418 x 1075 x 0.89 x 13.3? х 10! 


(100 y2 x 10° x 0.383 b ра 
(9 я х 100 x 0.153 x 0.89 ? 


g' = 80.5 Q с, 


"m 
бее 0.31. 
Hence 
1 + 0.69 a — 1.91, 


1 — 0.036 A — 0.999, 
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and the corrected values of /, а, b, and с, are :— 


л X 6.57 x 1.21 = 32.1 ema, = 12.6 inches. 


7 
E 7 x 6.57 x 1.91 = 10.21 ems, = 4.02 inches. 


а = 9 x 6.57 x 0.989 = 13.00 ems.. = 5.12 inches. 
e = 6.57 x 0.989 = 6.5 ems., = 2.56 inches. 


Hence the number of turns in the low pressure coil is 


„ — 0.153 x 2 x 6.50? 
ES 0.383 { 
= 84 
The volume of iron is 


9 x 0.89 x 4.09 x 19.6 x 11.7 eu. inches, 
= 1054 cu. inches. 


The weight of iron is 
294 lbs. 


The maximum ohmic loss is 
2 x 1.85 x 1075 x 0.158 x 13.0 x 6.5 x 116.7 x 180.5, 
= 94.8 watts. | 
The mean ohmic loss is 94.8 х 0.835 — 79.1 watts. 


The maximum induction in the iron is 


10° 4/3 x 0.353 


2 п X 0.89 x 0.153 x 13 x 6.5 x 32.1 x 10.91? 
— 2290 lines per sq. em. 


The eddy-current loss is 
E = 1075 x volume of iron x Ё x 7? x B, 
= 1075 X 1054 x 16.39 x 13.3? x 104 x 22907, 
= 16.0 watts. 
The maximum hysteresis loss is 
H = 0.00187 X 1054 x 16.39 х 100 x [2990]-5 x 107 


= 76.8 watts. 


? 
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Tlence the total loss at full load is,-— 
94.8 + 76.0 + 16.0 watts, 
= 187 watts. 


against 199 watts in the Westinghouse transformer :—a saving 
of 12 watts, or about 6 per cent. of the total loss. 
The mean loss is. 


(79.1 + 0.99 x 76.8 + 16) watts, 
= 171.1 watts. 
Against 0.585 X 100 + 0.99 х 79.5 + 20.5 watts 
= 182.5 watts in the Westinghouse, 


a saving of 11.4 watts or 61 per cent of the total loss. 


Thus, a transformer designed according to the principles here 
advocated wastes 11 or 12 watts less power than the Westing- 
house transformer in question. It, however, requires more than 
twice the weight of iron, and about 5 per cent. less copper than 
the latter. (The amount of copper varies as the ohmic loss when 
the current density is given). 

It must be said, however, that by adopting constants which 
hold in a transformer of verv different proportions, we rather 
handicap ourselves. Thus, whilst we have less heat to dissipate, 
we have a greater radiating surface, and so might do with less 
ventilation space among the coils, and so with a larger value for 
p. This would reduce both the size of the transformer and its 
losses, 

As shown in Appendix A, the losses could be reduced, with 
out altering the size, by making the core plates thinner. 

The thickness, for the maximum efficiency is, in this case, 
about 7 mils, (assuming the saine thickness of core insulation, 1.7 
mils). With*this thickness, using the same constants as above, 
except that 


1 
= — = 0.805 
ae 
we shall have, just as before 
e^ = 1.89 x 10, 


C= 6.64 Chig. 
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Again 
E — 0.081, 
2” 
| [ : E bs E 
27.14 0.69 on 1.060, 1 — 0.036 (ў? = 0.997, 
l = 28.4 ems., = 11.18 inches. 
a= 13.24 cms., = 5.20 inches. 
b= $.05 cms., = 3.56 inches. 
е = 6.62 ems, = 2.60 inches. 


The volume of iron is 726 cu. inches; and its weight is 202 
Ibs. 

The induction is 3130 lines per sq. em. | 

‘Lhe number of turns of wire on the low pressure coil is 35. 

The maximum ohmic loss is 89.5 watts. 

The eddy-current loss is 5.7 watts. 

The maximum hysteresis loss is 87.4 watts. 

The maximum total loss is 

89.5 + 86.5 + 5.6 watts. 
= 181.6 watts. | 
thus wasting 174 watts, (S26) less than the Westinghouse trans- 
former. 

The mean loss is 167 watts, —15.5 watts less than the Westing- 
house apparatus. 

Thus we see that we save about S2 per cent. of the energy but 
our transformer has 202 lbs. of iron instead of 130 lbs. and 55 
Ibs. of copper instead of 61 Ibs. We should however expect the 
transformer so designed to keep cooler than the Westinghouse as 
it has less heat to dissipate and a greater radiating surface. Thus 
it will better stand an overload. Itsregulation, moreover, should 
be better, for the same subdivision of the coils, both because the 
copper losses are less, and that the magnetic leakage is very 
much smaller. 

We shall next find the particulars of a transformer, designed 
as above, and having, as far as possible, the same constants as a 
certain * Mordey Victoria" transformer at the Central Technical 
College. 

The transformer in question is of the shell pattern and in- 
tended to convert three kilowatts from a pressure of 2,000 volts, 
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to a pressure of 100 volts. The particulars of it are as follow- 
ing :— 


Core 
Thickness of core plates — 15 mils. 
Ratio of volume of iron to total volume of соге = 0.89 (= q). 
Thickness of insulation bet ween plates — 1.85 mils. 
Length of core (| Fig. 1) = 52 ems. = 2! inches. 
Breadth of magnetic circuit (6 Fig. 1) = 7.62 ems. = 8 inches. 
Winding space (a X c Fig. 1) = 7.62 х 3.81 sq. cms. = 8 X 14 sq. ins. 
Volume of iron — 820 cubic inches, ) а] 
Weight of iron = 230 lbs.. T 
Hysteresis constant, (7), (with index 1.6) = 0.0020. 
Eddy-current constant ($) = 0.95 X 10—16. œ 


Coils. 


Primary, 456 convolutions, 8.3 ohms resistance. 
Secondary, 24 convolutions, 0.083 ohms resistance. 
Cross-section of strips of secondary coils = 0.0316 sq. ins. = 0.204 sq. cms. 
Hence insximum current density = 950 amps. per sq. inch, 

= 147 amps. per sq. cms., 
and ratio of cross-section of copper in the secondary coil to the total area 
of winding pocket ( p) = 0.169. 
The total weight of copper is about 29 lbs. 
'The normal frequency is 100, and we shall assume the applied P. D. to 
follow a sine law. Thus 9 = 2 42 + т. 


In the Mordey transformer the induction, when working 
normally, is 2670 lines per sq. em. 


The maximuni ohmic loss is 60 watts. 
The maximum hysteresis loss is 81.5 watts. 
The maximum eddy-current loss is 20.5 watts. 


Thus we see that it is impossible to make the mean ohmic loss 
equal to 0.8 times the hysteresis loss, together with the eddy- 
current loss, as the maximum ohmic loss is already less than the 
mean should be. I shall assume, therefore. that the transformer 
has been designed to work always at full load, this being as 
favorable as possible to the Mordey transformer. 

Hence А = 1, 


and we will assume j = 0.085. (X хп). 


Thus we have (X xvii). 
Q — 9 x 1.85 х 1075 x 0.169 x 147%, 


= 1.85 x 10. 
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П, = 9 x 0.89 x 0.009 x 0.985 x 100 


9 0^ „90 
| v2 x 10^ x 0.2 4 | ^ x 1077, 
әл x 0.159 x 0.89 4 
= 3.31 x 10*. 
ct — 0.0188 My 
| 0; 


= 3.381 x 10*, 
7.6 = 5.10 ems. 

E xmULS1I x 1079; 
Q' = 4.12 x 107! e, 


Е' | 
Q' 


E' 
1+ 0.60 5, = 1.271, 


E 


1 — 0,036 Č = 0.986. 
UL 


Hence the corrected values of the linear dimensions are: 


l = 96.1 ems., = 10.25 inches. 
б = 8.81 ста., = 3.27 inches. 
а = 10.02 ems, = 3.95 inches. 
e = 5.01 cms., = 1.97 inches. 
Volume of iron | 
= 0.0.1. (a 4- b -- 0), 
= 550 eu. inches. 
Weight of iron = 153 Ibs. 


Volume of copper. 
= 2pac(2.l-- 1 b 3- o), 
= 91.1 cubic inches. 


Weight of copper = 30.9 Ibs. 
The number of turns cf wire in the secondary coil is 
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Maximum ohmic loss ($ хуу). 


1.85 x 1075 x 97.1 x 16.39 x 147, 
— 603.6 watts. 


e 
The maximum induction = 2810 lines per sq. em. 
Hence 
Maximum hysteresis loss = 59.3 watts. 


Eddy-current loss = 15.2 watts. 
Hence the mean total loss 
= 63.6 + 58.4 + 15, 
= 137 watts. 
against 160.5 watts in the Mordey transformer. 


Thus there isa saving of 23: watts by designing the trans- 
former so as to have a maximum efficiency. This is accompanied 
by au inerease of weight of copper of nearly 2 lbs. and & decrease 
of weight of iron of about 77 lbs. 

We will next find what the particulars of the transformer 
would have been, if the plates had been 74 mils tbick, — which 
thickness about gives minimum iron loss, with the given thick- 
ness, (1.85 mils) of core insulation. (Appendix A) This 
thickness of core plate givesg = 0.803. 

We will also assume, (which is true for the iron of the Morday 
transformer over a considerable range of induction), that the 
hysteresis loss per cubic em. per cycle is equal to 0.00251 times 
the 1.57th power of the induction. (Appendix B). 

Thus | 
$5 = 2.94 x 107 (8.39 x 1075, (3 хуп) 


1 


Н 


1 
n^? 
“1 


= 4.85 X 107% (3.39 x 10")'*, 


ees — 0.0165 


c = (4.85 X 10-5) x (3.39 x 105b 


= 5.22 ems. 
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0 = 6.24 ems.,— [Table I, Appendix B.] 
a = 10.15 cms., 


l = 19.60 ems. 


These are the first approximations to a, 5, c, and /, uncorrected 
for the effects of eddy-currents. 


Again 
KE" = 5.9 watta, 
and 
2’ = 55.4 watts. 
2 E 
3 0.107, 
and 


E E. 
D-03575, = 1.08, 1 — 0447 5, — 0995, FA pendix С]. 


Henee the corrected values of the dimensions are: 
a = 10.45 x 0.995 = 10.40 cms., = 4.09 inches, 
e = 5.99 x 0.995 = 5.90 ems., = 2.04 inches. 
b = 6.24 x 1.08 = 6.73 ems., = 2.65 inches. 
1 = 19.60 x 1.08 = 21.20 cms., = 8.35 inches. 
Hence the volume of iron 
=- 0.803 x 2 x 2.65 x 8.35 X 8.78 си. ins., 
= 312 cubic inches. 
Weight of iron — 87 lbs. 
Induetion of iron 


3.39 х 10! 


ne 4400 li ° А 
104 x 52 x 658 x 21.2 ASP о ЕНЕ 


Maximum hysteresis loss 
= 0.00251 x 312 x 16.39 x 100 x (4400) x 10", 
= 67.2 watts. 
Eddy-eurrent loss. 
= 0.95 x 107 x 312 x 16.89 x 10* x 7.5? x 4400", 
= 5.3 watts, - 
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Maximum ohmic loss 
= 2x 1.85 x 10 x 0.169 х 10.40 x 5.20 x 79.9 x 1477, 
= 58.3 watts. 


Hence the full load total loss is 
58.3 + 66.2 + 5.2 = 129.7 watts, against 
160.5 watts in the Mordey transformer. 
Volume of copper 89.1 cubic inches. 
Weight of copper 28.4 lbs. 
Number of turns of wire in secondary coil is 


= 0.169 X 5.2 x 10.4 


= 45. 
0.204 


Thus this transformer, running always at full load, wastes 31 
watts, (nearly 20 per cent.) less power than the Mordey, whilst 
there is almost 1 lb. less copper, and about 143 lbs. less iron 
used in its construction. The Mordey transfermer in fact, can 
claim an advantage in only one important particular, viz. :—that 
its radiating surface is proportionately larger, so that it should 
keep cooler. llad we taken a lower maximum current density, 
however, we should have increased the surface, and diminished 
the wasted energy, and so we could have designed a transformer 
better than the Mordey in every particular of moment. 

It may be mentioned that the Mordey transformer is an older 
apparatus than the Westinghouse, and the type has doubtless 
been improved since the time of its manufacture. 

The following table exhibits the particulars of the transformers 
considered in convenient form, and enables a comparison to be 
made between them without difficulty. They are numbered 1, 
2, 3, 4, 5, 6, in the order in which they are discussed above. 
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APPENDIX A. 
Тнк Deer TuickNEss or Соке PLATES 


Wherever we have had occasion to discuss the effects of eddy- 
currents on our design, we have assumed the energy wasted bv 
them to be &mall compared with the other losses. But as, in 
many cases, the eddy-current loss of energy is a considerable 
fraction of the total iron loss it will not perhaps be thought out 
of place to discuss whether it is better so than small. 

Professors J. J. Thomson and Ewing' have discussed the sub- 
ject of the energy wasted by the eddy. currents in transformer 
plates, and included the effect on the hysteresis loss of the sereen- 
ing action of the edd y-currents. 

They conclude that this latter action is practically negligible 
when tlie. plates are no more than 20 mils thick, and as trane- 
former plates are usually thinner than this, we shall neglect it in 
our investigations. The professore show the value of effective 
lamination, "and Professor Ewing points out that the limit of 
thinness is determined by the consideration that, if the plates are 
too thin, the core will either have to be larger or to be worked 
at a higher induction than is consistent with small hysteresis loss. 

The following investigation is made with & view to determine 
the thickness of plate which will make the total iron loss a mini- 
mum. We shall assume that the core has a definite size and 
shape, and that the thickness (¢’) of insulation between core 
plates is given, as also the total number of lines of force (.V) in 
the magnetic circuit. 

Let v be the volume of the core, including insulation, A the 
area of cross-section of the magnetic’ circuit, alse including in- 
sulation, f the frequency, and ¢ the thickness of the соге plates. 


Then the volume of iron is — 2d 
tt 


The area of the iron portion of the cross-section of the mag- 


. | ^ t 
netie eireuit is j 


/ 


V 
a 


t 4 
tt 


The induction in the iron 1s 


Hence the hysteresis loss is 


t N 1.6 10 tts 
ERR: M QU сек. жи watts, 
mpg | i 
Tu 


1. See London Electrician, volume xxviii. 


1898. } CARTER ON DESIGN OF TRANSFORMERS, 


and the eddy-current loss is 


2 
8.5 (e | M watts 
t+t | * 4l 
ЕЕ Е 
Putting -- = q ак іп S$ xv 
кі, qs N 
t= 4 ¢’, 
e 


the total iron loss 1s 


í ( N ) 07 4 T (^ ( N 
Je | VE qÀ x 1 + yf £— 4 A 


M 2 
) | watts 


(1—// 
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Thus, if g is such as to make the iron loss a minimum. 


m r 1 9 
— 0.65 975 107 + 8 Tem Bel zi - |=0, 
V 
where Ф 


the average induction through the area A. 
Thus 


06 у qo 10728 f 1 ps us ү 
—14 


or 


(1 P (ў 12 
SCO = t’? B 10". 
q*(0--4) 0. - 7 


This gives 4 


We shall best find у by plotting a curve having о as ordinate, 


and 


(1—1) 
q +g) 


as abscissa, (Fig. 4) and obtaining g from the curve. 


With ordinary values for the constants we shall find that о is 
less than the value which usually obtains, and except for low fre- 
quencies, ¢ is usually less than the 10 mils whieh appears to be 


about the inferior limit of thickness at present used. 
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Thus if 
8 = 10-5 f= 100, у = 0.009, 


В = 2500, ¢ = 3 mils, 


жет== ке нш к —— а ш Жн a n —————— — 


"NC 0.6 х 0.002 


(1— gf... 107* x 100 x 3? x (25004 x 10 


= 0.01706. 


Hence from the curve 


000 0,001 0,008 0,012 0.016 0,020 0.004 0.028 
Fig. 4 
thus 
] — 4 = 0.968, 
and 
t = A x 3 mils, 
= 8.4 mils. 


The induction is 


2500 __ 
0.737 


per sq. em. 


Thus we see that both q and ¢ are smaller than is usual. 
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If ¢ = 2mils 
(0—3. = 0.00159 
q'" (1-4 9) 
W hence 
q = 0.19, 
1 — 4 = 0.21, 
t= Е x 9 mila. 
— '[.5 mils. 


The induction is 


2500 _ 3170 lines per sq. cm. 


0.79 


Again suppose 
В = 2000, f = 50, 


$ = 1075 у = 0.009, 


t = 1.5 mils, 


then ; 
1—4 
"E g doy = 0.00196, 
4 = 0.857, 
] — q = 0.143, 


= x 1.5 mils = 8.9 mils. 


And the induction is 


aa = 2840 lines per sq. ст. 


t is of course the thickness of iron, and ѓ the distance between 
the iron of consecutive plates, so that it should include a little 


for rugosities of surface. 
It thus appears that, with the same sized core and the same 
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total flux, the diminution of hysteresis loss due to using plates, 
say 14 mils thick as against thinner ones, does not balance the 
increase of eddy-current loss, and to ensure minimum iron 1058, 
the plates should be considerably thinner than is usual at present. 


APPENDIX В. 


CALCULATIONS FOR THE TRANSFORMER OF Maximum EFFICIENCY 


We will here give a more extended treatment of the solution 
of the equations of $ x, in which, however, we will assume that 
the hysteresis loss varies as the sth power of the induction, in 
order to see how the proportions obtained depend on the index 
of this power. 

The problem is, to make 2 + M + Еа minimum, subject to 


the condition 


where 


Q= Q0 ac(2L--25--o) 
И = Hy (a+b 48 (a оу (6 Dy-61, 


E = E, (a +b + o) (« ey* 00, 
Thus, if W be the total energy wasted, 


W-2--- E, 


—-9-Hq4ELTK(0—,H—E) 


= 90-4 A) 6 00—50) + (1 — К) 


Thus 
Ae ПА E)94 (1t К) Н 


ôl 91450 фе l 


—;:ü— K) E=0, 
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or 
E _ €—1] € 
Testa thea (Za) a 
+74 К) Е 
óW 1 1 ЕЕС E | 
pecu 09 + (5) (1-3 4) и 
1 2 Е 
t xr ) 0—0) = 0 
or 
t R)Q=—shb+e+te—la(y 5 к\р 
а) à (« -4- 5b + o) ( 2 ) 


һо sa 


ПЧ > | 
—- = Lo o YO РНЕ. „елын 
saa O e з 


дБ 
| € ] 1 
(17$ К)”+( рур.) ЮК= о 
or 
07 (куб (e — 1) (a + e) — (2— 
9l-Ezbó dec к blab +e) 
dur E CEA 


(1—58) t “т, „ 


=) 


—?)а—куК=о, 


+2) кш. (+ 


(1-р) (3 
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or 


ОЕ БАЕ decus eca+b+e—le 
e(2l1+27b+¢) | “(а {+ 6 + c) 


ED 2(a+ 6)+e¢ 7, x 
(1 с К) uti CEDE (KE. 


Neglecting # for the time, these four equations can be written : 


Q+A)2 (e—1)(l+7b+c)_eb+ e+ e—l.a 
(1-х Ho 2l | a+b+c 
(214254 —lu+ec— 2—¢b) 


If for shortness, we write these 
AIDS -i = үә] = [3] = [4], 
(1—; к\п 
2 
from [1] = [8] we get 


ассо (1) 


= Л 8 
2 (e — 1) (a с) —– 2 — eb 


Substituting for / in the equation [1] = [4] we get 
(s — 1) b (a +b +e) +04 2 0) ((e — 1) (a +) — 3 — e£] 
=b(ea +b + e—10), 
or 
Qe—l.c.ate=bY—cat3—eb4+5--B8er). (2) 
Again, from [1] = [2] we get, substituting for / from 1, 


(el) т} e—1 b (athte) + (+e) (e—1 ate — 9—6 b) } 


(6—1) я (а 0 4 с) 
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or 
(e«—l)b(a+b+e)4+ (6+ 0) (¢—la+e—2—eb5) 
=b(eb+ec+¢— lia), 


(((—1(244-)—(8—295—«51( Eo) =0, 


or 


or 


(8 — e) b = (€ — 1) (a + o). 


Hence, substituting for б in E 


e — 1 —— — ——— 
2 (e — 1) c = ;—— [2 —ea+e—late+5—Bec, 


or 


a=? c 
W hence 
ыны N 
— 
and substituting in 1, we get 
Е 1 ә € l, 1 
| e—1 _8— сє PEE oor Je 
2 : 1 
e—18--2—e5 3 
—£ 
S ane 
Whence 
l 4a _ _% є 


rtl 98—є 3—1 8—&' 
K is given by 
аде пл сы = 1] 
(1 -£x) 7 (1—5 x) л tK) n 
У 
слет тае а 9 ве 
i es] 0 


. а+®)% в. 6 
є 
jp 
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ec—»( +3) . _ 52-6 


9 е? te? 


e ss 

We thus see that /—z b and a=2 c in general, but the ratio of 

ф to c depends оп e, varying from 0.87 when є = 1.45 to 1.45 
when e — 1.65. 

For transformer iron є seems, as а rule to lie between 1.5 and 

1.6, for the range of the induetion over which transformers 


are worked. 
The following table gives the ratio of Р to е, and the value of 


Q 4€ А | 
“1 e * for different values of € 
H, 
0.021 
0.020 
0.016 
Q,*! 
ne 
0.019 
1.50 1.52 1.51 1.56 1.58 1.60 
. Fig. 5 
TABLE I. (Fia. 5). 

Є = 1.50 | 1.52 | 1.54 1.56 1.58 | 1.60 

d = 1,000 1.054 | {.1ra | 1.167 1.225 | 1.286 

€ i 
0, * zn pad QUNM эллер саба 
eel ce~“ 0.0238 į 0.0215 | 0.0193 0.0174 0.0155 0.0138 
"24 р 

Where now 
Q,—2khpp0- 
V.10$o ) € E 
№ = 2945 f {915 x 1077 
1fpq 
(8 хуп.) 


These, together with the above table, and the relations 4 = л 6 
а = де, give us the first approximation to the dimensions of the 
соге of the shell transformer which gives-minimutm losses. 
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A similar investigation will give us, for a transformer of the 
core type, (as in $ x1). 
/ | а / L e 


3z(s—1 Faar Besl 2(8-—*) 


The following table gives us the ratio of 4 to с, and the value 


of zi с for different values of e, for this care. 
1 
TABLE IT. (Fie. 6.) 
Е = | 1.50 1.52 1.54 1.56 1.58 1.60 | 
£ = | 0.500 o 527 І о 555 | 0583 | 0.613 o P | 
z cf Ex | eios 09884 | d 0.0756 | is Qs | 


Fig. 6 


Where 2, and 77, have the same values as the preceding case. 


ә 


(See also $ хуп). 

If two specimens of transformer iron give about the same 
hysteresis loss at the same usual induction, (say 3000 lines per 
sq. em.), and in one, ¢ is larger than in the other, it will be found 
that if transformers be designed, by the above methods to suit 
the iron, that in which e is smallest will have least weight. The 
amounts of copper in the two transformers will not be very dif- 
ferent, neither will the waste of energy, but the suitable amount 
of iron will be smaller when e is sinaller. The radiating surface 
will also be smaller, so that this transformer would get hotter, 


if both were used similarly. 
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APPENDIX C. 
Errecr or EDDY-CURRENTS. 


The equations 


OW àW д д _ 
EE rS шж a 
of Appendix В are,— 
Ера" (1 e K) H—Lü Е 
921--zb-4-c EE 3 ) A de 
— 0, 1 
1 € 1 € 
га 00 (5—64 0) (1—58) и 
2 1 
C а+ 6 + )a ла. : 
л — 1 1 
— сыш Duce eonun. ‚АР 
914+ т pop e b СР? 


1—2 K | H— [37a (1—X)E-0, ....8 | 


утту д 7 тея (3^ 
E +1 0+5) 0 Е 1 ПЕ КН 


2 - 
-[i— zi (I— K)E=0, ....4 


It is shown, in Appendix В, that if Zis zero, these equations. 
have the solution 
{ a, b c 


о о 


spec у= Duci] oes 


whilst 
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which we will now write Ж; and the absolute values of Jy, ао, бо, 
and «, are given by 


2, lly & (2 b + z d + %) = 5 П, (do {+ by + с) (ао) (bo Pn) 9, 


or 


2, = = Hy вау. 


Suppose equations 1, 2, 3, and 4, together with the equation 


0= 51+ Е ....5 
are satisfied by. 

= 01+ 

а = à (1+ Ф 

b = (1+8) 

term) 


whilst A = A, (1+ д К). 

We will suppose that Æ is small, and neglect squares of small 
quantities. 

To this order of approximation; we shall have 
Q— May q(%h+ r+) Nar 

+ 2h A+ % by B + d 
21, -+ л by + о 

_ т с уг = 
э 8&— 6 


or we may write 


3 Q= 0, 8&—6a+3. €—1g--Te—837,y-4-6.c€—14À 
8 є — 6 
(6) 
араіп 
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J1 = Н, (ву + by ey) (ав с) (bo lo) E 


a, a 3-5. Bd- or! 
ay + 0, + % 


= H, i1 ы л dem ne te 


hata Бл dd: 


thus 
Wise с = = 
_ 9 8:—6a-3.:—18-pTe—3;y- 6.6 —14 
Зе 
ана up: (7) 
З = 
again 
е p PETIT 
4 2? 42 | Я 
[stg а ЛБ аю о, 
2 Se 086 — 
{ ыйа oe | 
4 є 
Putting 


= eme) Pm AE. e= s, 
and 
A = К,(1-+ K), 


in equation 1, it becomes, by virtue of eqns. 6, 7, & 8, 


e— ] 


-1 Q r 
n cup oes 


9 : E 
m NN, OL 
л (8 s— 6) : Ay Sa 
2 6. 2—1 ар аы  B+3—er (6-9) (4 «—3) Q, 


(8e—6 )z S g— 4g 


| 
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| 2 (s 4-2) (4 2—3) e—l 3(e+2) D 
ез ar ба у. 8s ` 3e 
8 e—6 6 2-35. el BHT «—83 e—3 y-F6 2—1 2 Q, 
© 8—6 
ef __ [2 
NEM S EE а gg 
л (5 є — 6) 4 eè 


Reducing to 


i L Tog ГЕЧЕ) a 

оа ш. д + 6 y4d-s 

e? LL. e cJ х Уе F E 
ee лере ок 9 


© 8(e—1) (+2) 0 3(8e— 6) (s +2) 
similarly equation 2 becomes 
gop SAP EIL 1 SK 
2495 s POM auge “5 


1 ее 8), 
2(8—є 


j ea 1 2 3—: a+3 e-—1 8B+3—e y ) 3 (4-9) 2o 
ге M M жишш г ec e D 
(8—s) 6 6 5 € 48 


i | т = Et rz ME F Kurs rS x | | 


j 8e—6 a+3. e— 1 84-7 s—3 y+6 є—1 2 | 0 
вав) 


DM и ои 
(2(3—se) 6 4 è ж: 
which reduces to 
5 e— e 9 с—— 
22°, a+ Es 96] pL ) 229 e (e—1)4 


zs E 8—5 e 6) р SEO a К. NS 
Ü А > 


494 CARTER GN DESIGN OF TRANSFORMERS. [Nov. 23, 


ш 3 becomes 


4 9 Kod K | == — 4] Show 
ge 3e 


(21 e 44-3 «—1 P+38—e 7) (4 :—3) (+2) g 
8 =——6 8 e—6 4 = ч 


2, 


+ | л g : 2 3—e „= p43—e y | S | 
€ 


о | bo 


+ | _1 (0—3) =! ш EE = З. ur tuer 


8 «—6 2—1 | 
\8<—6 а +3. є — 1 ке И 
( 8 — 6 Y 

-| 1 S cT as 
3(e—1) 6 4 г? 


ъ 


which reduces to 


5 = — 3 2 є — 1. 
6 a4-B. аи g A 
1 8— Е 2 e (5 e—f) 
— oque a ANM NE (eo 5 0)— n se АЕ 
6 (e--1) ( ст ЕИО TOES) ске 
ui | 
Equation 4 becomes 
m im ab IE Е, E —i|4 Koa К 
8 е — 6 "mm Y ee 6 И 


1 peu n gue 
—lg5:—3 Зе — 6 


1 _ I (te—3) ps5 
о SU сес 


foe Q2 1283—e a-3..—1 ERES ш 2 
+} 2,7—9 6 gee 
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+) Качена. I AM 

8 T T. 4e? gc Se Be 
scheinen 
l 8 e—-6 з 


E 4e — 5e dins p — 0 
== жее, Me == О 
Sce 4e 


which reduces to 
{9 e®—2 £—3) at4e (e—1) 84-2 (4 &'—«--3) 7+ (e—1) (Te+3) А 


= LEE ae рев 4 e(T 6—3Y(56—6) > p 


IGI) Ei e»e m d oon 
W hilst equation 5, 4. e., 
Q= [H+ E, 
becomes 
L= H+ E, 
or | 
8c—6 e 
ZAE e | 
a З = 2 с 
or 
4 «—3) Е 
8 e—t.a +3. p B+7 «—3. s—3 r+6.e—1 f= = а 4 18 
0 


If we put a = S, for brevity, we may write equations 9, 
10, 11, 12 and 13, respectively as follows: 


g (4 e — 3) s a + }ł (4 e — 3) (e—1) BY fy (4e—8) (Te+3)r 
+ $ (4 — 8) є 4, 

__ (22 — 3) (4è — 5 є + 6), e (5 = — 6) 
"EC Cou S- т ета ....14 
4 (56е — 3) са -+ ł(5 e -—- 3) (e — 1) 84 (9—2 —3)r 
+ 2 e (e — 1) А 


_ (е + 3) (4 2 — 5 є 6) o e (5 = — 6) 
= Sr s- ек у ‚...(15) 
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1 (4 e — 3) (5 e —- 3a + (6—3) 3 +? (4 е — 3) ғу 
+ 4 (4 e — 3) (= — 1) А 


= EE E x, 
. (16) 
lite D> А ‚4—8 | 
ТОРЕ (0 eh — 2e-- 8) и a л. 
d$ ) \ кы. 
+= ,(48@--¢+3,r7+-—.5 o Tepi ecd 4 
je—-3 24 e- 


rr сы 2e(5e—t) « 
шы n M cuc E M Nac uM 
6 (8 + Z) (C ¢ — 3) 8 e+: m 


2 ($e — 3) 4 4- 8 (c — 1) А--(‹е—3)/ TENET 


guo e зы С ....(19) 


Subtracting eqn. 16 from 14 we get,— 


3— ¢ 
12 


3 — H —E , 
Б E ix ё + 
6 4 


pd) 


(2 — e) (4? — 5 е 4+ 6) 
ip^ qos re ш i ES UC acis (20) 


Now subtracting eqn. 20 from 19 we get, — 


@ s. 


Thus equations 19 and 20 are equivalent to,— 


5 | 245; 1, 2(2—9(t8— 5 е + 6) 
Ur = e 52900 


Again, subtracting eqn. 16 from 17, we get,— 


nee e483) В-Е1(3—=) (Ye H3) r-F34e -1)2 
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4 e (Q—e) (4 = — 5 е + 6) 
45 il. e e — 
3 (€— 1) (e +2) 
or since B — À 
à (4: — 3) а 4 (2 = + 3) у —– 1 
np s — 5e -L 6) 
dest Dee a ес S = 0. ....(29 
$(—1)(64-2)8 —«) um 
Eliminating 4 between eqns 21 and 22 we get, — 
8а— 38у = 0, 
ог а — 7. 
Hence, from equations 21 or 22,— 
2 (9 — є) (+ = TuS 
zad с == SS EE (20 
б t3 3 (3 — e) (e — 1) (e + Eg 
and equation 18 becomes 
(5—3) а 3—1) à— 5 122 829, (94) 
whence 
а = ү = — ове т a L | 
((3—s)(4e—3)ys--2) de | 
(25) 
para тч | 
З (38—e)(te—3 (e--2) 2—1 4c 
Thus if € — 1.6 we have,— 
E E 
=7ж 0056 —. = 4 = 0.691 —. 
ay 0.036 0 and B — 0.691 UA 
whilst if е = 1.5 we get, — 
E E 
= y = — 0.071 - = 4 == VU, — e 
а = у ( 0; and 8 = } = 0.881 m 


The values of a, 8, у, and A, for other values of e will be 
given with sufficient accuracy, by interpolation or extrapolation ; 
for although a, 9, у, and A, change considerably with change of 
e, this change has but a small effect on the dimensions, when, as 
we have assumed in the calculations, the corrections to be made 


are small. 
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APPENDIX D. 


PRoor THAT THE TRANSFORMERS DESIGNED HAVE MINIMUM 


Losses. 


In $$ x and хі and in Appendices В and C we have shown 
how to find the proportions and size of the transformer having 
minimum waste of energy consistent with certain external re- 
strictions. The method of procedure was to equate to zero tlie 
first differentials, with respect to the dimensions, of the ex- 
pression for the energy wasted. This method, however, would 
equally well find us the dimensions, if such exist, which 
wil make tle energy wasted а maximum, and, for the 
sake of completeness, it is necessary to prove that the solution 
given corresponds to an absolutely minimum waste, that is, that 
no change in any of the dimensions will diminish the waste of 
energy. 

In the first place, we may, for this purpose, neglect the effect 
of the eddy-currents, for, although this may somewhat change 
the dimensions corresponding to the stationary point, it will 
certainly not change a minimum point to a maximum or vice 
versa. i 

Using the same notation as in ү В the problem is to 
find the minimum value of H + 9, when © and H are con 
nected by the relation 


Ca 277 
9 


This is the same as finding the minimum value of 
о|1+к|+н[1— К] 
subject to the condition 
0={ П 
2 


€ : 5e— 6 
where A’ is any constant. If A has the value == then, 


4 є? 


the unique solution we obtain for the stationary value.of 


оп+к|+п[—&К| 


satisfies 
о=* H 
2 


naturally. 
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Consider now the problem of finding the minimum value of 
ої+к|+л|1—К| 


where 
brs 
» 5 є-— 6 
А = -L. 
{4 27?” 


and £ and ZÍ are unconnected by any relation. We are able to 
find a single possible stationary value for the function, and the 
only question is whether this value is an absolute minimum or 
not. Since the variables are independent, we may consider the 
effects of their variations separately. 

The function 


ЕЗЕТ 


15 continuous in allthe variables. Let us consider the effect of 
the variation of a, supposing b, с, and /, to be fixed. 

When с is large, 2 is large, and therefore X is large. 

When a is small, 77 is large, and therefore X is large. 

W hen a is of finite size, accordingly, X is smaller than wheu 
а is very large or very small, and it therefore passes through a 
minimum for some finite value of а, since it is continuous. 

Similar argument precisely will apply to b, с, and /, and ac- 
cordingly the unique solution obtained for the stationary value 
for Xin Appendix B, must correspond to an absolute minimum, 
when 2 and П are not connected by any relation. 

This solution is the same as that obtained for our problem of 
finding the minimum valne of H + 2 when 


Q= = П, 
2 


that is, it gives us the stationary value of H + © consistent 
with the above condition. 
Again, since, at the point obtained in this solution, 


X| = 9tfK+H1-£K | 
inereases with all сода in the variables it necessarily increases 
with those particular changes which are consistent with the con- 
dition 
Q—tH 
| 2 
that is, the solution given makes 


о°\ї\+к\+н|1—К| 
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an absolute minimum, when the variables are connected by the 
relation 


Accordingly the solution found makes 2-++ H an absolute 
minimuin subject to the condition 
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Discussion. 


Dr. M. I. Purin :—Mr. President, I do not think that there 
is much to discuss in connection with this paper. There is so 
much difference of opinion, and there naturally must be a great 
deal of difference of opinion in things depending on individunl 
taste. The old Latin proverb, ** De gustibus non est disputan- 
dum,” applies eminently well to the design of any apparatus. 
The designing of machinery is a work of art, as well as of pure 
reasoning. A man may master the science of electricity and yet 
not be able to design a completely satisfactory piece of apparatus, 
because he lacks the artistic element. It is a thing that cannot 
Бе taught. It is just like the saying of the Greek philosopher 
Socrates, that you cannot teach a man virtue. It is a thing that 
has to be born in a man, and then developed by experience. 
The art of designing machinery has to be learned by practical 
experience, aud a man will profit by his practical experience, and 
become a master of designing only if he has a taste for it. The 
experience will develop that which is in him. If he has it not 
in him, all the teaching in the world, and all the experience will 
not carry him very far. For that reason, I think, instructors in 
colleges do not insist very much upon the theory of design, 
because there is no clear cut theory relating to it. You have a 
theory of electricity. "There are the fundamental principles and 
their generalizations, and you have the materials, and a inan has 
to knew the properties of materials and to combine his knowl- 
edge of electricity with his knowledge of materials to produce a 
method of design, and each man will have a different method ; 
his own method of designing, but of course, all these different 
methods will lead to the same result. You see in this paper a 
calculation of what should be the dimensions of a transformer that 
should have the least loss. Taking a Westinghouse transformer 
as an example, it is found that this transformer has much less 
iron than this paper recommends. In another case, that of the 
Mordey transformer, a different relation is found. Again, the 
author finds that the thickness of the iron plates should be 74 
mils, and Prof. Bedell finds that it should be 16 mils. I think 
the American practice is to use 12 mils. So who is right? 
Probably they are all right, for each one of them had different 
conditions to fulfil, and it is impossible to design a transformer 
which will satisfy all conditions. Оп the whole I do not think 
that this paper will lead to anything that could be used as a 
standard for all cases. Butat the same time it is a very good 
thing to have in a paper like this, filed away in our TRANSACTIONS, 
and ready for reference, the various steps, the essential steps of 
reasoning that a man has to go through in designing a transfor- 
mer. e certainly who teach in colleges are very glad to have 
such a reference, because it saves us a great deal of tedious dis- 
cussion. А student comes to us and зауз; “ What am; I- going 
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to do about this transformer design? What is the next step to 
take?" The teacher, you know, in a great many cases is not 
quite sure what the next step is, and he does not care to display 
his ignorance before the student. So he feels very much like 
saying to the eager student: * you will have to look that up in 
the electrical literature." I must say that so far, in electrical 
literature, there never was a convenient reference of this kind. 
The college professors of limited experience in transformer design 
` (and their number is very large) can now say to students: “Read 
Mr. Carter's paper; it will give you all the essential points in 
transformer design." It takes a great deal of unnecessary, dis- 
agreeable work out of our hands; and it is disagreeable, to be 
sure, because not every teacher can be expected to know all the 
details of electrical apparatus design. Unless a man has been 
employed in some factory and made his living by designing, he 
cannot be expected to know much about it. Asa mere scientific 
study the thing is dreadfully uninteresting. But it is a 
necessary evil, and very necessary indeed. In fact the success, 
sometimes of a company, depends on the appropriate design of its 
machinery. I was told some time ago that a man who was con- 
nected for a long time with a large electrical manufacturing com- 
pany, stood very high with the company because he was a most 
eminent designer. He could design better than anybody else 
because he was a born artist in matters of design. That man 
could tell vou more about a machine by merely looking at it 
than an ordinary electrician could by elaborate tests. The success 
of the company in a great measure depended on him. That 
shows how necessary a thing it is—this work of designing which 
to many of us appears dry. We ought to be very grateful to Mr. 
Carter for having tuken the trouble to put down in this admirable, 
systematic way, the method of соо а transformer; and I 
only wish that somebody else who has had a large practical ex- 
perienee would come up and tell us all about designing an alter- 
nator, synchronous motors, induction motors and all that sort 
of thing. We would then be in a very fair position to train our 
young men and to develop their latent faculty of designing. 

Pror. W. S. FnaNkLIN:—I wish to express my concurrence 
with the views of Dr. Pupin in the matter of teaching trans- 
former design to students. The “cut and try” method is no 
doubt the method of practice, but it is not a method which lends 
itself with any convenience whatever to teaching. We have not 
had heretofore a mathematical statement of the principles of 
proportioning transformer parta, or in short we have had no 
method of design. We have known indeed. precisely how trans- 
formers act, we have known how to caleulate the secondary turns 
when the primary turns are given, we have known how to cal- 
culate losses, regulation, and every item of their behavior, but 
these are only the foundations of designing, and it seems to me 
that Mr. Carter's paper is the first that, has, beenqiven on trans- 
former design. 
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I may be permitted to say further that a consideration of lim- 
iting cost might easily be formulated and used in connection 
with Mr. Carter's method for determining rationally the absolute 
size of a transformer, instead of the choice of an arbitrary cur- 
rent density in the coils. This formulation is outlined as follows: 
| The cost, $ , is approximately : 


k$ = ис + hi 
where с is Ше weight of copper, ¢ the weight of iron, and a and 
b are constants. The interest charge is proportional to $ and 


inay therefere be written 
% = ае 4 bi. 

Take, now. Mr. Carter’s expression for total loss, W, in terms 
of the yet undetermined dimensions of the transformer. The 
yearly value, У, of this loss is at once known in the terms of the 
value of power, and the yearly total cost of the transformer is 
Y +% which is completely expressible, as above stated, in 
terms of the various itens of the yet undetermined design, and 
these various items may then be determined so as to make the 
function У + % a minimum. In this way the design would 
be determined without any arbitrary basis whatever. This 
method would always give a cheaper transformer than the trans- 
former of maximum efficiency. 

Mr. W. B. Jackson:—It seems to me that we have been dis- 
cussing this matter wholly from a theoretical standpoint without 

iving suflicient consideration to its practical bearing. Having 

ad some experience in the designing of transformers I feel com- 
petent to say that it is a mistake to suppose that the “cut and try” 
method is that now used exclusively in practice. When the 
transformer was made by the old uncertain methods we did not 
have what would be called, at present, a transformer at all; it 
was merely а bunch of copper and iron, and we were fortunate 
if able to make a reasonably good guess of the resultant action ; 
it could not be calculated. When the transformer was made a 
reliable machine, it was by means of the most careful calculations, 
no less than we are requested to make in the paper we are dis- 
eussing, and now when a transformer of a new design is brought 
out by a competent designer we feel assured if he has set himself 
the task of determining the loss in copper and in iron, the leak- 
age current, and the drop, that when the transforiner is completed 
it will very closely fulfil the conditions. The greatest difficulty, 
to my mind, we have not taken uv to-night, and yet it is one that 
daily confronts us in practice, that is, the heating of the trans- 
former. This must always be a determining factor in the pro- 
portioning of the copper and iron whether considered from a 
purely theoretical, or from a practical standpoint. Those who 
ауе made practical use of the various kinds of transformers now 
on the market have found a great part of the trouble experienced 
with them to be caused by defective design of the electrical and 
magnetic circuits considered apart from the insulation.and. build- 
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ing up of the apparatus; in some cases the copper heating too 
greatly for the normal load. and in others the iron. ‘This fact 
demonstrates the futility of designing a transformer without due 
consideration of the heating factor. 

Mr. Carter handles the subject most ably, theoretically, but of 
what value is the theoretical discussion unless it has clearly a 
practical bearing’ Why should we not touch upon some of the 
principal points that interest those of us who have left for the 
time the designing of such appliances, and have taken up the use 
of them? There are one or two points of vital interest to every 
one of us who has to put a transformer on a pole or into a hole; 
for instance, shall we use an oil or a dry transformer? Also, 
how much added capacity do we get in an oil transformer over a 
dry one? Now these are points that are really worth careful in- 
vestigation but, as far as I know, have never been taken up in a 
scientific manner, never having been worked out completely. 

I know this, that where I can overload an oil transforiner 10 
per cent. without oil, that if I put in oil I can get just about as 
good results with an overload of 50 per cent. But is there an 
one here who has made the necessary tests to show us how пре. 
more capacity a transformer has when it has oil in it than when 
it has none? And should we, to get the best results, have the 
copper and iron in different proportions when designing for the 
use with oil or with no oil? 

To my mind a design is not worth considering unless it is prac- 
tical in the most thorough sense. I am a college man and I value 
very highly my college training, but I think our young men are 
not made to realize the practical significance of what they are 
taught; for instance, that such calculations as those of Mr. 
Carter's paper are of absolute importance, and that in our fore- 
most electrical shops the result of formule just as complex as 
those of Mr. Carter are used in the successive steps of the 
manufacture of the transformer. 

It is surprising that at the present day so many transformers 
are put upon the market that are not well designed. I can givea 
little experience in regard to one that was brought to my notice 
in the northwest. The manufacturer asked me to measure the 
leakage current. Пе said his transformer was “а dandy.” 1 
found it had over ten times as much leakage current as a standard 
transformer should have. At a low price this was а very expen- 
sive transformer. ‘There are others equally expensive, and it is 
necessary to realize the importance, in buying, of choosing 
those of known low waste of energy. 

I was interested to hear Prof. Franklin speak of this paper as 
probably not being worth very much because the Westinghouse 
transformer comes во near it in its calculations. But I think the 
paper is no lese valuable because one make of transformer is similar 
in caleulationa, since there are hundreds of other makes that 
ought to be benefited by it. 
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There are several other questions relating to this subject that I 
should like to have discussed. 1 suppose all of us who are en- 
gaged in the electrical business have heard the question from a 
manufacturer * How much drop can you stand in your trans- 
former?" ‘ How much watt leakage?" As far as 1 know the 
answer can only be approximate. Can any one tell me what the 
drop should be? I do not see why our discussion should not take 
up both theory and practice. І suppose there are others inter- 
ested, as 1 am, in considering this subject from all sides. 

Mr. Townsenp Worcorr:—The question as to whether trans- 
formers in use to-day are designed by * rule of thumb ” or not 
seems to be still open. I know within the last year or two I 
have seen several statements, especially from English electricians; 
—(I think one was Mr. Swinburne, another was Prof. Fleming) 
—that owing to the fact that there is no simple mathematical 
expression, in fact even a complicated one, for the relation of 
magnetism in iron to the exciting current, it is impossible to 
design a transformer entirely on a scientific basis; the design is 
practically “rule of thumb.” On the other hand, some other elec- 
tricians, more particularly Prof. Carhart, last year said that he 
gets practically accurate results by assuming the sine form of · 
wave of magnetism. In the first place, he may not have exactly 
a sine current, but assumes a sine form for both the current wave 
and also the wave of magnetism, and he says he gets results that 
are as accurate as you get in direct current machinery. It 
would seem that the “rule of thumb” practice is going out of 
designing at all events, if it is not already out. 

Pror. FRANKLIN :— Mr. President, if I may impose upon the 
good nature of the InsrirurE yet a few moments more, I may be 
allowed perhaps to say а word on that matter, as to what the 
design of transformers consists of at the present time. It seems 
to me—of course, I don't know very much about it, I will admit 
that—but it seems to me that the thing we know about trans- 
formers and the thing which practical men know about transfor- 
mers is how transformers act. After a transformer is made, 
after you have decided upon the items in its design, you can cal- 
culate the ratio of electromotive force, you can calculate the 
magnetizing current, you can calculate the hysteresis and eddy 
current losses and the ohmic losses and all the details, without 
exception. That of course constitutes, as matter of fact, the 
basis of the paper to-day. Mr. Carter takes all that for granted. 
But the designing of a transformer is a matter of correlating 
these various items, and I think there can be no question but 
that the design heretofore has been a “cut and try” method of 
correlation and not a rational method of correlation. Of course 
it is not a matter of a single designer’s beginning with Adam 
and working his own “ eut and try " himself. He makes much 
of the practice as it exists at the present day, which represents 
the results of all the cutting and trying which has been done 
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before him. А designer at the present time perhaps loses sight 
of the fact that the real essence of his design is “ eut and try,” 
because he does not carry out all of the cutting and trying him- 
self and he is inclined to think that his knowledge of the action 
of the transformer is what he uses in designing. [think not. I 
think that he uses this merely in ealeulatiug what the transformer 
will do after he has designed it. Then he will design another 
with say two or three more turns of copper, and he will calculate 
what that will do. Then he will design another with two or 
three more sheets of iron and he will ealeulate what that will do. 
If that is not cutting and trying I don't know what cutting and 
trying is. Of course I may be mistaken in еу that prac- 
tical men design transformers in that way. have designed a 
good many transformers, but they never were built, you know, 
во I cannot sav anything from a practical point of view. 

I cannot withstand the desire, Mr. President, to say one thing 
more, not in direet connection with the subject in hand, but in 
connection with the remark which was, made by Mr. Jackson. 
He said that college men do not teach the actual practical meth- 
ods of engineering, and the actual practical significance of the 
various points they take up. Now Í think that as a rule no class 
of men understand better the worthlessness of what they teach 
than college men themselves. I think they appreciate the truth 
of a remark, if I тау be allowed to quote German—a remark 
which ocenrs in (Goethe’s Faust, where Mephistopheles turning 
gravely on a student who has just come to confer with the pro- 

essor: * Gray, my dear friend, is all theory, and green only is 
the tree of life.” 

Dr. Pvrin:—If I may be permitted just to say one word 
more, I would like to supplement the quotation that Professor 
Franklin has made with reference to the teaching of design. 
Faust also says : 

* So muss teh dem mit saurem Schwetss 

Euch lehrn, was ieh selbst nicht weiss,” 
which I can translate for you in English, but of course not so as 
to produce Goethe’s classical rhythm—“And во with the sweat of 
my brow I must teach уоп what 1 do not understand myself." 

As far as I сап вее, this paper is just as practical as it can possi- 
bly be. It is limited to the design of a transformer under per- 
fectly specified conditions. — It does not speak of the oil trans- 
former, because that is a separate matter. I do not see why the 
question of enclosing the transformer in oil 1s any more practical 
than the subject that this writer has discussed. Everything is 
practical, but of course we cannot take more than a certain num- 
ber of steps at a time, and after we have taken those steps securely 
and safely we can take the next step. The question of whether 
we enclose the transformer in oil or not, is no more practical 
than giving the transformer the proper dimensions. A previous 
speaker admits that we consider also when we-take up tlris ques- 
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tion of oil: will not oil dropping from transformers hung upon 

oles, on the clothes of people bring the company into difficulties? 

hat is a very practical question, but it is hardly within the 
limits of design. It brings in social questions and legal questions.. 
In this connection it might be ell to repeat a story told con- 
cerning a strange experience with the experiment in conveying: 
power from Lanffen to Frankfort. The original design was all 
. right, that is, the engineers thought it was all right, but they 
found it was all wrong, the thing would not work; and when 
they came to examine it they found that they made a mistake in 
making the insulators white, because the little boys in the fields. 
had their attention attracted to those white insulators and thought 
they were good marks to throw stones at, so they threw stones. 
at them and broke them, and that affected the whole plant and 
caused a tremendous leakage. The insulators were painted gray 
and the trouble was over. Well, that is hardly within the limits. 
of designing conductors to transmit power, aud vet it was of vital 
importance. At some date it may be of very great importance 
to know whether we should paint our transformers hung up on 
a pole, green ог red or gray, but if we do it will be owing to sume 
psychological or perhaps political reason. All questions are 
practical, but of course certain questions are more directly within 
the limits of transformer design than others, and I would not 
blame Mr. Carter for not spreading himself too wide. I think 
he has spread himself wide enough as it is. 

Mr. Jackson:—I think I ought to say a word or two more, 
perhaps ; Professor Pupin has not taken my meaning. I think 
what І said was, that this paper although theoretical was of prac- 
tical value. I took issue with Professor Franklin in saying it 
was not practical. І think every figure in the mathematics used 
in designing a transformer is of practical value, and it is an in- 
teresting fact that our best transformers are based on very care- 
ful and minute mathematical calculations. I think also that Mr. 
Carter developed his theories far enough but why should we not 
apply them? The theoretical is so intimately related to the 
practical that we must have both to carry on a reallv valuable 
discussion. Why must we accept the mathematics and then drop 
the discussion? Up to within a comparatively recent time my 
business has been in connection with the designing of trans- 
formers and generators and similar work, consequently I am in- 
tensely interested in everything relating to these subjects. 

l want to go a step farther than these discussions usually carry 
us and ask this society to help us who are working in practical 
lines to more definite knowledge. When I am told that a certain 
transformer is the one that will completely satisfy me and I state: 
my objections to it | am not sure that I am right. I want euch 
information that | can be absolutely certain that my opinions are 
properly based. 

I have a very great respect for our college professors and their 
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work. I think it is to them that we owe the fact that the num- 
ber of well trained engineers is large, and is constantly increas- 
ing. It is up hill work for a man who has had no technical train- 
ing to eompete with the college trained man. But there is one 
thing in which the college is somewhat wanting, вићсіепі practi- 
cality. Ав I used to question іп my calculus class, where is it 
iue that the “ differential X " can be used in practical life? 

hen out of college this question was soon fully answered and 
my only regret is that I could not realize its significance while 
under training. believe more attention is now given to practi- 
eal applications in college, and our later college graduates will be 
prepared to surmount difficulties that puzzle some of us older 
ones, but that will help us but little, and therefore I call upon our 
society to take up practical questions more fully in connection 
with the theoretical. 

Mr. Warrer S. Moopy :—As one who is actively engaged in 
every day practical design, I would like to make a few remarka. 

First, Í can assure these gentlemen who question the amount 
of use that is made of theory in every day design of electrieal 
apparatus, that as faras my own work is concerned all the theory 
that college men develop for us finds ample use in every day 
practice. 

There is no class of electrical apparatus designed to-day, I be- 
lieve, by the best companies, whose proportions are not just as 
carefully analyzed as Mr. Carter’s paper analyzes transformer 
proportions. But, of course, there are a great number of prac- 
tical difficulties and considerations that modify the purely theo- 
retical formula, or, more correctly speaking, our theoretical 
formula cannot be broad and complicated enough to include all 
the actual conditions presented. Mr. Carter’s paper, for in- 
stance, while very complete on the points considered, leaves 
entirely out of consideration such essential facts as might 
entirely overpower the importance of the features which he dis- 
cusses. Perhaps the most important factor which Mr. Carter 
does not in any way refer to is the question of heating, and the 
necessary radiating surfaces to dispose of the losses within the 
transformer. It would be perfectly possible to apply the formulae 
developed by Mr. Carter, and which in themselves are un- 
doubtedly perfectly correct, aud yet obtain a design entirely 
impractical because of the lack of the necessary radiating sur- 
face to dispose of the heat. 

Again, Mr. Carter’s calculations all contain a constant which 
he designates as “р,” and which expresses in per cent. the rela- 
tion between the cross-section between the primary and second- 
ary copper and the area of the wire space. In the calculations 
this figure is assumed, or rather it seems to be based on the 
actual per cent. found to express this relation in the transformers 
under consideration. Of course, in actual design this question 
has to be given careful study in order to make the percentage as 
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high as possible, and still get the necessary insulation and the 
best distribution of it. 

What I would like to bring out is that there is really great 
latitude in the choice of the best proportions for transformer 
design. One who has carefully figured the proportions of any 
pee of electrical apparatus, applying to the design a most care- 

ul analvsis as to its proportions, and who has satisfied himself 
that he has a most thoroughly designed piece of apparatus, will 
often be surprised and disappointed to find that some one else's 
design which has been less carefully calculated, or perhaps 
worked out entirely by the “cut and try" method, is, as far as 
its proportions are concerned, nearly or quite as good as his own 
carefully developed design. In other words, as Mr. Carter him- 
self points out at the bottom of page 667 of his paper, quite 
large changes in the proportions of the various dimensions of 
the transformer designed, affect but slightly the final results 
obtained, and consequently more practical considerations make 
advisable, or even necessitate, marked departures from the most 
economical proportions. 

While I have not had an opportunity to carefully study the 
paper, yet I have hastily checked up some of the proportions 
found based on Mr. Carter’s study with actual transformers of 
which I know the proportions, and find that these transformers 
had dimensions differing in their relation some 200 or 800 per 
cent. from those which the paper showed to be the most econom- 
ical, yet these transformers are even more efficient (considerin 
the value of the material in them) than the transformer which 
Mr. Carter develops to illustrate his formule. In other words, 
considerations which are in one sense purely details of sho 
practice or skill in workmanship, may modify the results to suc 
an extent as to entirely outweigh the consideration of best 
theoretical proportions. 

While I am speaking, 1 trust [ may be pardoned foranswering 
one of the more practica] questions brought up by Mr. Jackson. 
I refer to his question as to the value of the use of oil in trans- 
formers. This is a question which has always been a subject of 
much discussion, anid is one which sometimes is almost as hard 
for the manufacturer to settle as for the users of the trans- 
formers to decide upon. Many faetors enter to determine one’s 
decision in this matter, but in general it can be safely said that 
the use of oil transformers has vastly increased in the past few 

ears. 
P The question as to just how much the capacity of the trans- 
former can be safely increased by the use of oil is not one sub- 
ject to direct answer, because the value of oil varies so much 
with different designs of transformers. Of course, we all under- 
stand that oil acta in a double manner in increasing the capacity 
of the transformer; first, by excluding air, and thereby pre- 
venting oxidation of the insulating material, and consequently 
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increasing the рсе at which the transformer may be 
safely operated, and second, and more important, it acts as a heat 
conducting medium to carry the heat generated in the trane- 
former to the transformer case. The space between the trans- 
former and the case is small, and the air within this space con- 
sequently is too confmed to allow any great amount of 
circulation, and therefore it acts as a poor conductor of heat. 
Oil will move much more freely under a slight difference of 
temperature, or, perhaps more correctly оа its specific 
heat is so much greater than that of air, that even with a slow 
motion it acts much more efficiently in conveying heat'to the 
enclosing case. Just how much however oil will increase the 
safe capacity of a transformer can only be answered for each 
size and design of transformer independently. A small trans- 
former may not have its capacity appreciably increased by its 
use, Whereas a large one lacking in radiating surface on the coils 
and iron, but having a large exposed surface in its case, may 
easily have its capacity doubled, or even trebled by the use of 
oil. | 

Тнк PnEsipkNT :—While we are indebted to the author for 
presenting to us propositions concerning the efficiency of a 
transformer, which are capable of analysis and application, it 
seems important to bear in mind that these propositions are 
necessarily limited by the conditions stated in their enunciation, 
and that many other conditions must be taken into account in 
the design and operation of commercial transformers. The 
deductions from these propositions pou require considerable 
modification to suit different conditions of practice. Cost, size, 
weight, excitation current, magnetic leakage, regulation and 
heating, are some of the factors which must be included in the 
design of a good commercial transformer, and the relation be- 
tween these factors is so complex as to elude a general mathe- 
matical formula of design. Consequently, while I do not wish 
to undervalue the rules given in the paper for determining the 
design of the most efficient transformer, it seems important to 
bear in mind that the question of efficiency is not the only one 
which must be considered in practice, and that after all such 
rules have been taken into account, the method of trial and 
error must always be depended upon in arriving at the best de- 
sign of a transformer at the present time. 

Мк. Риплрро Togcuio :— Мт. President, one point which has 
not received attention in the discussion is on page 657, where 
the author alludes to the condition of work for which the trans- 
former is designed. It is very important for the central station 
manager to get a transformer that will be most etticient under 
its special eonditions of use. The author has in this diagram the 
daily load in amperes and also the ohmic transformer losses, pro- 
portional to the square of the amperes. The whole day ohmic 
losses represent a smaller or larger proportion of the total trans- 
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former losses according to the use of the transformer. If the 
transformer is going to operate at full load, say one hour a day, 
and be idle for 23 hours, the ohmic losses will be comparatively 
small; but if it operates 24 hours a day at full load, these losses 
will be large. Therefore, from the central station point of 
view, one transformer designed for a certain condition will not 
do as well under another condition. І think that this point of 
the load factor of the transformer is worth considering in the 
design of transformers. Of course, besides the condition of 
regulation, the cost of the transformer should also be included 
in the problem, together with the cost of energy in each special 
case, as the central station can afford to increase investment cost 
when the coal and running expenses are high; but when these 
are low, as, for instance, in water-power plants, the inducement 
is to reduce investment cost. I think this point of the trans- 
former load factur brought out in the paper is very important 
for the design of the most economical transformer for actual 
operation. : 

Mr. Е. V. Hensuaw:-—I think the last speaker has brought 
out a very salient point there in practical work, because I should 
rather imagine that most transformers are sold on their no-load 
consumption of energy, because if you get a transformer which 
wastes very little energy when the secondary is open, you will 
meet the conditions that probably at least nine-tenths of the 
central etations have, aud for that reason it seems a little signifi- 
cant to me that the author finds the Westinghouse transformer 
has half as much iron as the “ most economical design." While 
I have not gone into the thing very deeply, it seems to indicate’ 
that the author is going for full load etliciencies, rather than 
minimum wasted energy at no load, and in that case it is some- 
what questionable whether the formule which we have every 
reason to be thankful to the author for putting in such good 
shape, could be followed in practical work with entire success. 
It seems to me rather, from the practical point of view of selling 
transformers to central stations, that we ought to have one that 
would run with very small light load losses and very small 
hysteresis losses, while at fuli load the ohmic losses might be 
as high as they could possibly be made without burning up the 
insulation. I do not know whether that is treating it very 
scientifically, but it seems to me it is rather a practical way of 
looking at it. 

Мв. James Hameet :—Mr. President, I have been very much 
interested in the discussion this evening. I think it has been 
truly valuable in one sense more than in any other. Many of 
us present noticed two or three years ago quite an undercurrent 
of criticism unfavorable to the extreme mathematicians of the 
Institute. There has been, I think some will remember, quite 
& complaint coming to the surface, and a great deal of talk was 
made that we had too much inathematics. I want to congratulate 
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those present, Mr. President, on the fact that we have seen evi- 

dence to-night of some harmony of feeling between the extreme 

mathematicians and the practical engineers. I move we adjourn. 
(The motion was earried and the meeting adjourned.] 


[RerLy COMMUNICATED BY THE AUTHOR. | 


I will endeavor briefly to reply to some of the points that 
have been raised in the diens оп on my paper. The chief ob- 
jection that has been made to my method of design, ie that it 
does not take account of certain practical considerations, such 
as the cost, the exciting current, ete., which, if they were discussed, 
might render useless the formule I have given. I should cer- 
tainly have gone into these and otner questione, had it not been 
that the paper was already lengthy, a fact which induced me to 
limit it to the consideration of its characteri-tie feature,—the di- 
rect method of design to give maximum efficiency. Some of 
the points, however, are mentioned in the introduction and 
shown to be implicitly taken account of by the method; others 
are inore or less involved in the maximum current density as- 
sumed. Ingoneral, however, it would not be advisable to prescribe 
these quantities, but rather to give their limiting values; thus 
if the magnetic leakage is not excessive, it does not much matter 
what it is. Again, designers seem to be quite at variance as to 
what these limiting values should be. The table given on p 
679 of the paper, enables one to see this immediately. The cost, 
weight, and size, of the Westinghouse transformer, are lese than 
those of the two transformers corresponding to it, but of the 
Mordey transformer they are greater than those of its correspond- 
ing two. ‘Ihe exciting currents are probably less in my trans- 
formers than in the others; at any rate, they convey less power, 
as the no load losses are less. ‘The magnetic айын Ө will be 
greater in the Westinghouse, and less in the Mordey than in my 
transformers, for the same subdivision of the coils. The regula- 
tion of the Westinghouse will not be as good as in my trans- 
formers, whilst that of the Mordey will be somewhat better than 
one of mine, and hardly so good as the other. The radiating 
surface per watt, 18 ея in mine than in the Westinghouse, 
and less than in the Mordey. Although the Westinghouse and 
Mordey transformers differ in output, they are nevertheless two 
ordinary transformers, by well eredited makers intended to work 
under about the same conditions. Their respective designers, 
however, evidently had very different ideas as to the proper 
values for these supplementary quantities, so that the import- 
ance of the latter cannot be suthcient to render useless à method 
of design which need not bring any of them into objectionable 
prominence. 

The modification of my method indicated by Professor Frank- 
lin,—that of including the interest charge on the outlay among 
the losses,—is certainly the most scientifie way of performing 
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the design, but is unworkable on account of its introducing 
another variable, (n), and very much complicating the equations. 
The relative importance of the capital charge and the wasted 
energy depends evidently onthe proportion of time that the 
transformer is in circuit, so that if it is always, or nearly always, 
in circuit, the transformer of maximum efliciency will be very 
nearly the cheapest, as the value of the energy saved, will be of 
great proportional importance compared with the interest on a 
small difference of cost. The arbitrary quantity that I have as- 
sumed,—the maximum current density,—is the one quantity to 
be varied in finding the most suitable transformer by this 
method, so that I have not entirely eliminated the “cut and try ” 
method, but have reduced it to the variation of one quantity. If 
the maximum current density is decreased, the losses are reduced, 
the radiating surface is increased, and the cost and size are in- 
creased. If we prescribe the cost, we can practically get rid of 
the “cut and try" methods, by finding the maximum current 
density to use as follows: 

We may write the cost 

A X volume of iron -- В x volume of copper, where A 
and В are constants. 

This is of the form 


A bl(a 4-6 -- e) + Bac(20l-- x 6 + с), 
for a shell transformer,—using the notation of the paper. Now 
the ratios of a b c and Г are known with sufficient accuracy. for 


we may assume values for the eddy current correction from 
former experience. Thus the cost may be written as a multiple 


of с, or of (3) , and T^ is а known multiple of 0^5, thus 


1 1 


| 


D 
— 


3x36 27 
the cost is a known multiple of д ¿s` or of à 1% or of 0-'*. 


Hence an equation of the form 0 1? = a known quantity, gives 
us д, — the maximum current density to be used. Of course it 
is not suggested that, as soon as the dimensions are found by the 
methods indicated, the transformer should be made without 
further consideration. Particularly it should be seen that the 
radiating surface is sufficient to dissipate the greatest continuous 
loss of energy. If the maximum current density be such as to 
make the cost of the transformer a prescribed amount, and if the 
prescribed cost be about that of a good commercial transformer 
of the type and output required, the radiating surface will, I 
think, be generally found sufficient. The maximum current 
density required to make as cheaply as possible a transformer de- 
signed in this way, which shall have not less than a certain 
amount of radiating surface per watt wasted at full load, might 
be found as follows. Assuming that we can approximately 
estimate, froin former experience, the ratio of the eddy to the 
ohmic loss, (the so-called eddy current correction;) we, may, tak- 
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ing account of the relation 2 = 0.8 H + ЕЁ, write the full load 
loss, — Qu + // + E, — as a multiple of the maximum ohmic 
loss, (Rmax) This quantity varies as the volume. of the copper, 
and as the square of the maximum current density, ог as c? д, 
using the notation of the paper. The area of the radiating eur- 
face varies as с?, so that the energy dissipated per unit area of 
surface is a known multiple of с 0° — с or of c &, or of 


3.6 3.6 ri 

RN ° . —-- 1 e 
0° 64, (since c varies as д 64), or of д 16 or 055, If we put this 
dissipation equal to the maximum value allowed, we shall have à 


given by an equation of the form à 15— a known quantity. This 
will make ô as great, and c as small, as we can permit it to be. 
Thus we can make either the cost or the heating determine the 
transformer, —and these аге the chief extreme limitations. We 
see from this that the cost, weight, size and heating are implicitly 
involved in the maximum current density assumed. 

I have not yet had an opportunity of seeing Prof. Bedell’s 
work on the best thickness of core plates, but if anyone will go 
to the trouble of calculating the losses for two transformers hav- 
ing the same sized core, the same thickness of core insulation, 
and the copper circuits the same in all respects, he will find the 
advantage for efficiency is with that having the thinner plates, a 
point brought out in the table on page 679 of the paper. 

Mr. Henshaw is wrong in supposing I am going for full load 
efficiencies, or for minimum wasted energy at no foad either, but 
rather for minimum all day waste of energy, a point which I 
wished to bring out very clearly in the paper, and am sorry if I 
have left it liable to be misunderstood. I may point out, that, 
though my transformer has twice the iron of the Westinghouse, 
it has less no-load loss. 

In conclusion [ should like to take this opportunity of thank- 
ing the members for considering my paper, and Professor 
Franklin for the trouble he has taken in presenting it. 


[COMMUNICATED AFTER ADJOURNMENT BY Dvaarp C. Jackson. ] 


The burden of the discussion of. Mr. Carter's paper on “ The 
Design of Transformers” which is published in the November 
issue of the Transactions, is borne by university teachers ; and 
the direction of the discussion naturally drifts into an expression 
upon methods of teaching. There are so many university teach- 
ers of electrical engineering who are not willing to subscribe to 
the discussion brought out by the paper, that it seems desirable 
to add something thereto. 

As a further introduction to my remarks I desire to say that 
papers of the style of the one before us appeal to me as offering 
much of value, and the InstiruTK is to be congratulated upon 
receiving Mr. Carter's presentation. On the other hand, it 
appears to me that the professors who entered into the discussion 
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placed too much weight upon the immediate influence that such 
mathematical dissertations may carry in engineering matters, and 
the author himself appears to press his conclusions too far. The 
cost element seems to have been entirely omitted from consider- 
ation in the paper, and it does not appear to enter into the prop- 
ositions for teaching the theory and practice in transformer 
design that are presented in the discussion. But, such an 
omission cannot be reconciled with the requirements ; since the 
scientific and financial elements must equally enter into engineer- 
ing design. We are often told that finances are not within the 
province of the engineer ; but upon that reef, it is safe to assert, 
ruin has come to many excellent proposals. 

In my view, the importance of the cost element should be 
borne in upon engineering students with a force equal to thai 
given the presentation of the applied science involved. Inapply- 
ing the forces of nature to the welfare of man, the cost element 
is often of paramount importance ; and, indeed, one of the prin- 
cipal differentiations between a scientist and the engineer lies in 
the fact that the latter must add to his store of science a due 
appreciation of the force of time, money, and human nature. 

1 am forced to strongly dissent from the attitude taken by Dr. 
Pupin in his remarks that are set down in the upper half of 
page 702. In my view—and I think this view will be upheld 
by the E majority of successful engineers whether they are 
in teaching or in practice,—the teacher who has charge of in- 
struction in such a matter (for illustration) as the theory, con- 
struction, and use of transformers should have at least a reason- 
able knowledge of the usual praetice in designing the appliances, 
and it is simply misguiding an inexperienced student to send him 
uncautioned to euch a paper as the one under consideration. 
Design doubtless 18 гоа у uninteresting” as a “mere scien- 
tific study,” but as an engineering study it is of absorbing inter- 
est and exceeding importance. True, it does bring in “ social 
questions,” but this adds to the interest. And it is of the utmost 
importance that engineering students shall give thought to social 
questions, as these are matters of the greatest importance to the 
profession. 

Later remarks by Dr. Pupin, I must equally dissent from, as 
also from a portion of Professor Franklin’s remarks. Engineer- 
ing students must, indeed, be taught science in a thorough man- 
ner in order that they may be properly prepared for their pro- 
fession ; for every well trained engineer clearly understands that 
all knowledge in pure science in every branch ultimately comes 
as grist to his mill But there must be mingled with the 
science proper instruction in common-sense and practice. 

Mr. Carter has set forth what appears to be a very valuable 
law on page 641, which I will state a little differently from the 
way he has pur it: t. e., Lf the core of а transformer of given 
output has been fixed in dimensions, theny in order to sace the 
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energy wasted annually, bear a minimum percentage to the fixed 
annual output, the number of turns of wire in the coils must oe 
such as to make the annual copper loss equal to the eum of the 
annual eddy-current loss and 8 of the annual hysteresis loss. 
After a transformer design has been worked out so that it comes 
within the commercial requirements for costa, regulation, core 
and copper losses, insulation, etc., an application of this law may 
doubtless be made to show whether any changes may be made 
with advantage in the proposed winding. Even in this limited 
application there is difficu ty, since the annual load factor of the 
ordinary transformer is entirely unknown, and judgment and 
experience in engineering must usurp the place of the scientific 
law which is thus relegated to the place of a suggestive pointer. 
In the case of special transformers designed for specific use this 
limitation in the applicability of the law need not exist. As, for 
instance, the conditions of operations for transformers for a 
plant such as is proposed by Mr. Wagner for St. Louis may be 
determined with considerable certainty in advance of the design- 
ing, and Mr. Carter’s law may be usefully applied as a guide to 
the betterment of auy proposed design. 

The unfortunate effect of pressing the analysis further than is 
here indicated, with the object of determining the most efficient 
design for a special purpose, is shown by Mr. Carter’s chosen 
illustrations. We will consider the Westinghouse 5 x.w. trans- 
former. This is a transformer of fair capacity and perhaps of a 
reasonably recent date, though transformers of twice the output 
built to-day do not have core losses much exceeding those set 
down. In his computations based upon this айоо: Мт. 
Carter assumes an annual load factor which, I venture to say, 
was beyond the thought of the designer of a stock transformer. 
If we use such an annual load factor as may be reasonably antici- 
pated, to apply to this transformer when placed on a finely 
planned, economical central station distributing system, as we 
understand the terms, the extra cost of operating the commercial 
design as compared with Mr. Carter’s first modification might 
amount to between $1.50 and $3.00 per year. On the other 
hand, Mr. Carter's design raises the first cost of the transformer 
80 much that a reasonable increase in the fixed charges for this 
transformer on account of his design is from $1.50 to $2.00 per 
year. Thus, оп the whole, no essential gain is brought about by 
the modification. Mr. Carter's second modification, in which 
thinner plates are proposed, makes a less favorable showing. 

The fault in Mr. Carter’s argument, which is shown above, 
comes entirely from pressing his pure analysis too far, where the 
engineering conditions demand equal eonsideration from the side 
of science and the side of commerce. 

There is a point іп Mr. Carters va;uable paper that I must 
regret. That is his systematic use of “ohmic loss” as synony- 
mous with copper or resistance loss. This use of the phrase is 
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the natural result of adopting the term “ohmic drop” as syn- 
onymous with resistance ot conductor drop. The use of the 
word “ohmic” in either case appears to be unfortunate. The 
impedance of a circuit is measured in ohms and therefore the fall 
of pressure through the circuit may be said to be “ ohmic”, as 
may also either the reaction or resistance drops be said to be 
“ohmic”. And the term “ohmic ”, therefore, does not distinct- 
е apply to true resistance. Neither does it distinctively 
apply to waste of power due to the resistance of conductors; as, 
for instance, if we measure by some means the power lost in a 


transformer and divide the watts by current? we get an equiv- 
alent resistance, Æ, which is in terms of ohms, and the total loss, 
1°, may be called “ohmic” with just as much propriety as the 
simple copper loss, Z°’ R, where ЁЁ is the electrical resistance. 


University of Wisconsin, 
Madison, Wis., Feb. 11, 1899. 
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New York, December 28th, 1898. 


The 130th meeting of the Instirutr was held this date at 12 
West 31st Street, and was called to order by the Secretary. 

Tue SECRETARY :—I received a telegram to-day from President 
Kennelly who is in Detroit. He hoped to be able to be with us 
to-night, but was delayed, and in his absence Mr. Lieb, one of 
the Managers, will preside. | 

Mr. Lieb took the Chair and called upon the Secretary to make 
announcements. ' 

The Secretary read the following names of associate members 
elected at the meeting on this date of the Executive Committee. 
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Full Partner, H. H. Kingsbury & 
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ALLAN, JoHN 


Endorsed by 
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Co., 54 Margaret St., Sydney, Gustave Fischer. 
N.S. W. ^A Eugene Griflin. 
BELLMAN, JOHN JacoB Electrical Engineer, Crocker- Gano S. Dunn. 


Wheeler Electric Co.; residence, 
90 King St., New York. 


Electrical Tester, General Electric 
Co.; residence, 72 Washington 
Ave., Schenectady, N. Y. 


Professor of Electrical Engineering 
and Physies, Clarkson School of 
Technology, Potsdam, N. Y. 


CROWELL, ROBINSON 
Dates, HENRY B., 


Cashier, Wisconsin Trust Со. ; resi- 
dence, 34 Prospect Ave., Mil. 
waukee, Wis. 

Professor of Electrical Engineering, 
Arkansas Industrial University, 
Fayetteville, Ark. ' 


HiLpBuRGH, Leo WALTER Student, Columbia University; 
residence, 1 West ЗО Street, 
New York. 
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FINNEY, Jonn C., 


GLaDsoN, Wu. N., 


F. K. Vreeland. 
F. V. Henshaw. 


A. L. Rohrer. 
D. C. Jackson. 
C. F. Burgess. 


Chas. R. Cross. 
Wm. L. Puffer. 
F. N. Waterman. 


A. S. Hibbard. 
D. McF. Moore. 
R. W. Pope. 
Chas. F. Scott. 
B. J. Arnold. 
B. F. Thomas. 


G. F. Sever. 
D. R. Lovejoy. 
W. A. Anthony. 
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Норок. WiLLIAM B., Electrical Engineer, Elmer G. 


Or, SíAITARO 


Tyne, Francis E., 


Woop, ARTHUR J., 


Total 11. 


Тнк CnargMAN:—(J. W. Lieb, Jr.) 


Willvoung & Co.: residence, 707 
Spruce St., Philadelphia, Pa. 


Chief Engineer to the Bureau of 
Telegraphs, The Ministry of 
Communications, 16 Kamitomisa- 
kacho, Koishikawa, Tokyo,Japan. 


Manager, Eastern Engineering Co., 
NO York; residence, Cranford, 


Associate Editor, Railroad Gazette, 
32 Park Place, New York; resi- 
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Jas. G. Biddle. 
E. G. Willyoung. 
W. M. Stine. 


John J. Carty. 
H. F. Thurber. 
Geo. A. Hamilton. 


Н. C. Cushing, Jr. 
T. D. Bunce. 
C. W. Rice. 
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dence, 162 Washington Park, Joseph Wetzler. 


Brooklyn, N. Y. 


We are to be favored 


this evening, gentlemen, with a lecture by Mr. Arthur A. 
Hamerschlag, on the “ Education of Electrical Apprentices and 


Journeymen." 


A paper presented at the 130th Meeting of thé 
American Institute of Electrical Engineers, 
New York, December 28, 1898. Manager J. W. 
Lieb, Jr. in the Chair. 


b 


THE EDUCATION OF ELECTRICAL APPRENTICES 
AND JOURNEY MEN. 


BY ARTHUR A. HAMERSCHI,AG. 


I am leaving to a certain extent the beaten path of precedent 
by giving the [xsrrrvTE a lecture on a subject which is neither 
pure science nor engineering. It is because of the importance 
of the subject and the influence it will exert on the future of the 
electrical industry that I have been bold enough to broach it. I 
do so with the hope that some agitation and discussion will point 

out & solution of a problem which becomes of more vital impor- 
tance each year:—That of securing the necessary skilled me- 
chanics requisite to the execution of electrical engineering works 
in'a satisfactory and efficient manner. 

The world has watched with startled eyes the rapid and far- 
reaching strides the young electrical industry has made, and the 
numerous fields in which electricity has entered. Scarcely a 
decade has passed since the industry, with justice, was called an 
infant. From a total investment of a few thousand dollars, it 
has to-day grown to such proportions that it would be impossible 
to compute with accuracy the value of the various industries in 
which electricity plays a prominent part. It is almost as difficult 
to assimilate the figures of value in their proper proportion as it 
is to define the widening field they have developed for skilled 
electrical labor. From an industry that gave employment to a 
few hundred men, in a decade it has expanded until to day it 
demands the services of tens of thousands of men devoting their 
services exclusively to this work. It has also demanded men of 
intelligence of a comparatively high order, well equipped with 
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mechanical skill. That we have made such astonishing progress 
is remarkable, but not nearly so wonderful as that we have found 
in the past, men in sufliciently large numbers capable of devising, 
developing and manufacturing electrical products on a market- 
able basis. | 

Should another generation find а proportional increase in the 
demand for electrical products and operations (and the prospects 
are good for such an increase) shall we be equally fortunate in 
finding the skilled men necessary? Is it just as certain these 
men will be found? It is the doubt that the condition will be 
80 easily mastered that has given me the courage to speak to you 
to-night on this subject. 

The birth of an industry is not the most potent factor in de- 
termining its development; it needs the nourishment and саге of 
those engaged in it to enable it grow to maturity. With its 
growth it must develop and nurture the individuals upon whom 
it most depends. Merit alone will not enable it to be perpetuated 
and put upon a successful basis unless it is capable of placing its 
raw material in the hands of skilled workers upon whom absolute 
dependence can be placed. 

It is to develop this most essential factor of future success 
that I believe it time that we give a thought to meeting the com- 
ing demand by educating the apprentices and journeymen to 
that point which will make it possible for our boldest conceptions 
in electro-technics to be skilfully and economically solved. 

As we draw near the closing days of the century—a hundred 
years pregnant with progress and events, none is more notable 
іп the world of science than electrical achievemente. А thought 
and a backward glance will show American supremacy in this 
field. In order however to retain this supremacy we cannot 
afford to rest content with the laurels we Bene won, else they 
will be wrested from us. 

The old world has given us excellent mechanics through its 
apprenticeship s&vstein: unfortunately even in those countries 
that system is dying out. This country has never had a well- 
developed apprenticeship system, and to-day it has almost entirely 
disappeared because of the peculiar restrictions placed thereon by 
the unions and associations, and the centralizations of the work 
under single financial heads, paying men by the hour or day, 
leading employees to shift from place to place as the demand for 
their services varies from busy to dull times. In fact to-day the 


1898. ] OF FLECTRICAL APPRENTICES. 723 


apprenticeship system is almost impossible for financial and other 
reasons, во we must devise some other means of educating the 
youth who wishes to enter the electrical field. 

It is true that three or four of the largest electrical concerns 
do apprentice young men but the number is comparatively small, 
and it requires considerable influence to secure such indentures. 
The number of applicants is, however, out of all proportion to 
the number that can be accommodated, and such openings are 
almost entirely out of the reach of the vast majority because of 
isolated location. 

Electrical work as a trade and as a profession is now under- 
going the same trials and tribulations regarding edueational 
meane that other trades and professions have undergone in the 
past, except that the problem in the eleetrieal industry owing to 
its rapid growth is of vastly greater urgency. Because of this 
growth along scientific and mechanical lines, improvements suc- 
ceed improvements so rapidly that what was considered good 
practice yesterday becomes obsolete and defective to-morrow. 
The men are mechanics who but a few years ago handled cleats 
and mouldings in wiring, but are to-day asked to use iron pipe 
and conduit requiring entirely different tools, materials and 
methods. And where do these men acquire the efficiency and 
facility for this work! They acquire it in the crudest and most 
wasteful method possible, by experimentally using their employ- 
ers’ material, and at his expense in the time during which he is 
compelled to pay for skilled labor. These improvements cer- 
tainly result in the loss of the journeymen’s efficiency, and result 
in “rule of thumb” mechanics. This type of mechanic is to be 
found in all trades, and sometimes he is exceptionally skilled in 
his work and thus causes a tendency on the part of employers to 
desire more of him or men like him, especially when he is placed 
side by side with the so-called theoretical mechanic who lacks 
the skill. | 

The fallacy of this reasoning is at once apparent when the 
“rule of thuinb? mechanics come in competition with the well 
grounded and educated mechanics who possess an equal amount 
of skill. Then the ећеіепсу of the latter is so much greater, that 
there can be no eomparison. Oftentimes we meet men with such 
a vast preponderance of theoretical training, that it has removed 
the inherent practical skill, and this type of journeyman is almost 
useless when judged from the working standpoint. This latter 
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condition is not a rare one by any means and just a few words 
concerning it may be appropriate. 

A glance over а list of our numerous educational institutions 
causes us to feel proud of our achievements in this line. In al- 
most every settlement or city throughout the country, some school, 
college or university is supported upon as lavish & scale as one 
could desire. Endless seem the opportunities whieh the young 
American has, to acquire the learning and higher education which 
are prized and clierished in the world to-day. We have schools 
for every conceivable purpose; we have colleges and universities 
for every profession, and we have technical institutions almost 
unmatched in efficiency. But we have only a very few practical 
trade schools, and for the education of electrical mechanies, fewer 
still. And yet, in which field can we utilize, at present and in 
the future, the greatest number of skilled men. Inthe engineer- 
ing branch or in the skilled labor branch? The answer must ob- 
viously be in the latter. Still, parents will persist in sending 
their children, regardless of their inherent qualities, to the col- 
leges and universities to master a profession without giving a 
thought to the field in which their future labors must be con- 
ducted, without considering the compensation they will receive. 
And what is the result? There can be only one general reply. 

After years of study and much money spent in acquiring the 
profession, and an early association with children of wealth and 
refinement, the born mechanic becomes ruined for the sake of 
posing ав а genius, or a great engineer. The field for medioere 
engineers is just as narrow and confined as it is for the mediocre 
artist, and the compensation for his labor is correspondingly cur- 
tailed. Asa result, when the young man is thrown on his own 
resources, he niust suffer that genteel poverty which his training 
in refined circles has bound him to. Не can no longer look with 
pride upon the work of his hands, and his brain power being but 
the average he suffers acutely, and eventually becomes neither 
ap excellent mechanic nor an excellent engineer. 

Each year the colleges and universities are sending into the 
world large numbers of young men, who after years of work, 
take the title of ** Electrical Engineer.” How many of these 
will ever have an opportunity to do any genuine electrical engin- 
ecring. How many of them are destined never to earn, in the 
electrical line, $1.000 or so a year, the pay of a skilled mechanic. 

For every single opening for an electrical engineer, there are 
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a hundred openings for the skilled journeyman, and for every 
successful engineer there are a hundred snecessful journeymen. 
And to be a journeyman dves not mean to be debarred from 
engineering. 

Who have made the notable inventions, who have carried out 
the greatest engineering problems? Not the trained engineer, 
but the journeymen who have started at the bottom and by their 
individual efforts raised themselves to the highest ‘level. “ By 
their deeds ye shall judge them,” is true of men, whether they 
have been educated up to a high standard or not, and self-training 
is often the more effective. 

The compensation for skilled electrical labor, such as journey- 
men bring into the market, has been on the increase, it wil] con- 
tinue to increase, and in an unfair degree unless employers think 
in time of a method of supplying the increasing demand, or of 
making the labor which is offered, worth the increase, in results 
achieved. 

Every new electrical equipment, each railroad equipped elec- 
trically, and each industry which depends on electricity, is taking 
some of our skilled men from the open market and retaining 
them permanently, and confining their energy to maintaining 
such equipment. 

Whence will come the men to replace these defections. Пав 
no one a solution to offer as to the best way of replenishing the 
supply? Many methods of solving this problem have been 
tried, some of them without proper consideration of the case. 

Some have been the education of journeymen in other trades, 
such as carpenters, draughtsmen, etc., by means of actual exper- 
ience during their employers’ time, а poor means at best, and 
which places the burden directly on the shoulders of the employ- 
ers, while the resultant mechanic leaves much to be desired in all 
around efficiency. 

Oftentimes untried young men with the desire to be electrical 
artisans attend, in & desultory fashion, popular lecture courses, 
witness a few experiments in static and galvanic electricity and 
find them of such interest that even though they possess little or 
no qualifications, and have been educated and trained fer other 
lines they determine to make electricity their life work. Their 
methods of securing the necessary instruction is usually a so-called 
apprenticeship in a shop manufacturing some article, which in 
itself gives them comparatively little instruction and which 
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makes them eventually skilled in hand work without giving them 
any breadth of training, and merely enables them to fill the 
position of a simple automatie machine. 

Sometimes they read electrical lectures and trade papers, in 
many instances finding themselves very much at sea because of 
the technieal character of the papers and articles, which their 
previous training has done nothing to enable them to understand. 

Sometimes as a final resort they become recipients of the train- 
ing offered by correspondence schools, aud these schools are cer- 
tainly gathering an ever increasing clientele which their merit 
justifies. 

In very rare instances they attend by far the best and most 
modern form of securing this training, and that through the trade 
school. - There are however such a very few of the latter institu- 
tions in spite of their acknowledged merit, and they are so little 
known that only a very small percentage of the number who 
wish to become electrical craftsmen ean reap their benefits. 

The superiority of the trade school for educating and equip- 
ping young men for trade work is so vastly superiorto any other 
form of acquiring the result, that to it in the future must we 
look to solve this very serious problem. Foreign countries have 
realized this fact for many years and profited by it. Is it not 
time that this progressive country began to realize it also and to 
stimulate and support such institutions? They certainly are 
bound to spring into existence, and those that exist and have an 
honorable record are bound to improve that record, and it is but 
a question of time when inteiligent thinkers must give them 
their proper place and dues. 

[t has been my good fortune to have been connected with 
trade schools for some years, notably with the New York Trade 
School, St. George's Evening Trade School of New York, and 
the Highland Falls Trade School of Highland Falls, New York. 
They have taught me a lesson which I hope to profit by in the 
future, not alone concerning the electrical industry but concern- 
ing many trades. It is а lesson however which applies in an 
equal measure to them all, and that is that trade schools have an 
equally high aim and purpose as compared with any educational 
institution in the country. That their field cannot be covered in 
any other way, and if they were aceorded the same support and 
encouragement by the fraternity and the publie that other edu- 
cational institutions receive, their effeet and beneficent. influence 
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would be as widespread, if not felt in even a greater degree, 
because of the class which they aim to assist. 

It seems strange to me that trade schools should be subject to 
such marked indifference by the employers, and by such intense 
persecution and criticism by the fraternity which they aim to 
assist, merely because of the possible future com petition their 
graduates will eause when they have come to the journeyman's 
estate. 

Was there ever a scientific institution aiming at higher educa- 
tion, a medical college, a law or an art school, but received the 
support and endorsement of the leaders of tle respective pro- 
fessions, if its object was not to make money, but to benefit the 
respective branches?’ 

Are the prominent lawyers, are sicians, the artist or the men 
of any other profession less free from the thought of future com- 
petition than the journeymen and the employer, that the latter 
should be found wanting in that which tends to advance his pro- 
fession ¢ 

The governing societies, the trade associations and the em- 
ployers’ associations must eventually see the wisdom of the trade 
schools, and perhaps when they realize the necessity for them 
and are compelled to support them, they will indeed sce the 
error of their ways. 

A society like the American Instrrute or Evectrricant Encin- 
EERS, whose members comprise a very large number of the 
engineers engaged in electrical enterprises, can do much to bring 
this problem before the men of their line, and can materially as- 
sist in a solution of this problem of so much importance to the 
welfare of the electrical industry. The youth of the country im- 
bued with the desire to become electricians will force their way 
in, and the inevitable is bound to occur. These young men will 
eventually enter the field of their choice. Why not help them 
· and encourage them to enter under the best conditions and high- 
est possible standard, instead of leaving them to drift in, un- 
equipped, inefficient and lacking in essential requirements. Is it 
not the best for them to live up to the studies exacted by skilled 
artisans in other lines, so that they can not only become self- 
reliant and successful, but retlect credit on the fraternity to which 
they have given their allegiance. 

Trade schools have in the past done much to assist young men 
to acquire the rudiments of trades in other lines; they have 
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tended to raise the standard of the individuals styling themselves 
helpers and journeymen, by showing the capacity of the beginner, 
and they have put the highest premium on skill and efficiency. 

What I wish to impress most seriously on my hearers, is that 
this question of educating apprentices and journeymen, bears a 
vital and urgent relation to the füture success or failure of an 
industry in which we all feel commendable pride. 

The New York Trade School, owing to the far-sightedness 
and philanthropy of its founder Col. R. Tylden Auchmuty, has 
been in the field to remedy this coming dearth of skilled mechanics 
and the crowding out of our home industries of the native born 
Ameriean workers by foreign skilled labor. Aided by the munifi- 
cence of Mr. J. Pierpont Morgan and other gentlemen, it has been 
able to broaden its scope until to-day it ranks as the pioneer and 
largest trade school in the country. With its six thousand 
graduates it has demonstrated its utility and shown the way to 
those who wish to follow. | 

Three years ago it took cognizance of the electrical situation 
and immediately established a thoroughly practical course for 
electrical workers, which became at once an assured success. 
filling the class room to its fullest capacity and having a waiting 
list of young men eager to enter the classes. 

The first year the class numbered thirty-two. The second 
year а large department was opened and fifty were accommodated, 
and still the waiting list continued to be as large. This year 
fifty are again at work aud fullv that number were turned away. 

The course is thoroughly practical because nothing is taught 
which is not done by the students themselves and tested and 
proved before acceptance. 

This year a course for journeymen workers in the form of 
practical lessons will be established. Its success is problematical, 
but should it show any signs of growth and interest it may lead 
to future results which cannot fail to be of interest to the whole 
electrical fraternity. 

The lantern slides show the classes at work and a few samples 
of work, but give but a vague impression of the school, which all 
members of the [xsrrrurE are cordially invited to visit. 
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Tue CnamMax:—Gentlemen, I think we have all been very 
much interested in Mr. Hamersehlag’s address, treating, as it does 
а subject which has not heretofore been discussed by the Instt- 
TUTE. 

It seems to me that Mr. Hamerschlag has sounded a timel 
note in calling attention to the great demand which the Со 
of tlie electrical industry is making upon the labor market, and the 
desirability of training young men to be satisfactory and etticient 
electrical workers This subject comes home to many of us who 
have had to meet the difficult problem of developing an etticient 
force to handle electrical work, and after listening to Mr. Hamer- 
schlag’s interesting address we shall be better prepared to give 
institutions of the character described by him our cordial support 
and co-operation. I think the subject is an extremely important 
one and well worthy of your careful consideration. ] see we 
have with us this evening a number of members who have done 
effective work along parallel educational lines, and we should be 
glad to have them favor us with any remarks which the topic 
under discussion may suggest. 

Mr. Josepo Werrzter:—I believe Mr. IIamersehlag has 
stated his points so forcibly that a corroboration of his remarks is 
scarcely necessary. [f we want to look for the right course to 
pursue in the education of men in strictly trade lines, I think, 
Germany presents the best example which the world affords. 
Its present commercial supremacy is certainly due to what the 
Germans call their *Gewerbesehulen," which are pure and simple 
trade schools. Nearly everv important industry in Germany has 
its trade school, from which it graduates young men who are 
able to take up intelligently the work of that partieular trade. 

It is only within a day or two that I had occasion to read the 
report of one of our Consuls to the State Departinent at Washing- 
ton, in which he mentions the results achieved by those German 
schools. He refers particularly, however, to the report made by 
an English commission which had been sent over to study the in- 
dustrial education problem in Germany. І take the following 
quotation from the Consular Report. 

* Under such mental and manual training, with steadily im- 
proving machinery, a class of highly intelligent workmen has 
been developed which in their several lines are nowhere sur- 
passed, if ee This is true to such an extent, that a commis- 
gion of Englishmen, which had been sent to Germany to inspect 
and report on German industry, lately delivered a report at 
Manchester in which they stated that, compared with these in- 
telligent, skilful and frugal German workmen, the English factory 
hands were like semi-savages." 

That we, in the United States, have got to come to the same 
thing there can be no doubt. All who have had occasion to work 
in engineering shope, as I have had myself, will have noticed the 
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large proportion of foreign workers, especially Germans, Swedes, 
and the like. Now, that process of drawing our skilled mechan- 
ics from abroad, cannot go on forever. The time must come when 
we must produce them ourselves, and the trade school or the 
manual training school is the school which must produce them. 
We have begun that work in a small way; the school that Mr. 
Hamerschlag just described is a very promising example of the 
kind, and there are others growing up. I dare say that inside of 
twenty-five yeare there will hardly be а city, making any preten- 
sions to being up to the times in this country, eligi wil not con- 
tain its trade school. 

I do not wish to say anything against the trades unions; they 
have their good points, no doubt. But to my mind one of the 
weak points in their system is the manner in which they dis- 
courage the taking and training of apprentices. Mr. Hamer- 
schlag’s illustration of the Horse Shoers’ Union is a case in point. 
Five years is probably not too long a time for any young man to 
learn a trade properly. Indeed earlier in many of the arts, it 
was absolutely necessary to require а boy to work five years. 
But as a matter of fact to-day you cannot get the average boy to 
stay five vears as an apprentice, and bind himself by a written 
agreement, as was formerly the case. He wants to get at results 
quicker than that. His refuge, therefore, will be to go to some 
trade school, like the Auchmuty school here in New York. 

As to the establishment of a trade school adapted to the wants 
of the electrical worker, I do not see why the IwsrrruTE cannot 
take up this subject. 1 do not mean to say that it should be the 
founder of such a school, but it can be of great service in starting 
a movement in that direction. I believe the subject discussed by 
Mr. Hamerselilag is of such importance that it ought not to be 
allowed to pass by without some action on the part of this 
IxsrrruTE. Just what action ought to be taken I am not pre- 
pared at this moment to state. But I think it well worthy the 
attention of the Council. 

THe CnaigMaAN :—The report to which Mr. Wetzler refers as 
having been made by a committee of the Manchester Council as 
tlie result of a visit to Germany by a commission delegated by it, 
is a document which has attracted much attention. The report 
caused a great deal of discussion in English producing centers, 
as it pointed out that England had not kept pace with Germany 
in developing trade schools for the training of intelligent labor. 
The committee visited in Germany particularly the prominent 
centers of textile industry, and it was evidently much impressed 
with the opportunities offered to young men in the trade schools, 
enabling them to become thoroughly familiar with all the 
branches of the textile industry, and although the report seemed 
to enst & refleetion on tlie lack of attention which had been given 
in England to the subject of trade schools, it has had the healthy 
effect of bringing this matter prominently before the. publie and 
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stirring up a discussion of the desirable methods of remedying 
what із evidently a serious weakness in the development of 
British industries. | 

Mr. Epwarp P. Тномрхох :—In reference to the point about 
the education of mechanics in Germany, I had a little experience 
in connection with the Singer Manufacturing Company, where 
in mv early days of vacation at Stevens, I thought 1 would like 
to put myself in that position, and learn something about practi- 
eal mechanics. I was in the tool room where there were lathes 
and different kinds of machines for doing work from drawings. 
I noticed that every man in that place was a German. Every 
_ man in that place had been educated as a mechanic in Germany. 
] could not find one who was educated for that work in America. 
And they seemed to be interested in me. From curiosity they 
asked me how much I had to pay to come there to learn low. 
Of course they could not help but notice how I made the holes 
too large in the little cranks for the sewing machine, how I 
broke one or two of the lathes, ete. They wanted to know how 
much I paid. I told them that the company paid me, and they 
were very much surprised, because thev said thev had to pay $100 
а year for two or three years to learn how to do these things. Т 
have often thought that the way in which artisans and mechanics 
are taught in America is a very loose way. The training is 
gained by accident, by rough experience, and by doing a great 
deal of harm in places where the learner is first engaged to work. 
Sometimes, we hear about too many people being educated for 
electrical engineers and professional men. I think one of the 
reasons is that many boys are not really fit to become engineers 
in the future, and really are adapted to become mechanics or 
artisaus, but have had no suitable trade schools to go to. Of course, 
the next thing is to apply to some technical schoo] with a proba. 
bility of. not even being able to get into the freshmen class. So 
that I appreciate very much the work that our lecturer is doing 
and that others are doing in that direction, in forwarding the in- 
terests of all kinds of ГОВ for educating those who are to do 
hand work as distinguished from head work. 

Mr. Hamerscuiac :—I would like to вау in relation to the 
remarks of my predecessor, that one of the most remarkable 
things [ have found in connection with electrical work and the 
utilization of men, in conversation with them, asking them what 
they were before they became electrical workers, that it has been 
the rare exception that I have met a man who claimed that he had 
ever had any electrical instruction. It has always been the case that 
he had either been a carpenter or a draughtsman, or worker in | 
some other line. In asking him how he happened to become a 
member of the electrical fraternity, he would state that there was 
the field where he got the most money for the leastjwork, to which 
Ireplied that [ agreed with him, judged by thestandard of the New 
York mechanic. Very frequently 1 have asked “у haven't you 
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done something to improve your knowledge of electricity since 
you have become a member of the fraternity!” And the reply 
would be “It is not necessary for me to know anything more 
than 1 do know. I сап do any work given to me”; always fall- 
ing down, however, when the work was given tohim. It seems 
to me that it is essential to open the eyes of the journeyman to 
the fact that to becoine an electrical artisan he must be just as 
well trained as to become a tool-maker. As I said in my address, 
there is now a new form of education for those who are confined 
to remote districts, who wish to improve themselves, and that is 
by means of correspondence. How effective that is, the future 
will show. But in speaking to men connected with the Scranton 
Correspondence School and the Electrical Engineer Correspond- 
ence Institute, 1 have become convinced that they are doing 
effective work. Personally, I have not had enough experience to 
be certain of it. But judging from reports and hearing from 
men who have engaged under this correspondence instruction, 
they are certainly receiving some benefit. It now remains for 
us to establish a sufficient number of institutions snch as Germany 
has, in order to develop these two lines of education, those study- 
ing at home, and those that come and take practical lessons. 
Then we will be able to depend in the future upon excellent 
mechanics. 

Tne Secretary, [ R. W. Pope] :—I had the pleasure of visiting 
the New York Trade School, a few days ago, and one thought that 
came up in connection with it was, that while it was very good, 
there was not enough of it. This school, large as it is, yet so small 
compared with the city, and во much smaller compared with 
the country, is turning away young men who are not able to join 
the classes. This is to my mind, a reflection upon our educa- 
tional system. I have felt, and I presume many others will agree 
with me, that one of the principal reasons why more young men 
are not educated as mechanics is on account of the social prejudice 
against mechanical work. I would probably have made a 
pretty fair mechanic in various lines myself, if I had had an 
early training. My mother thought I ought to be a bookkeeper. 
I never became one, and what little knowledge I have of book- 
keeping I picked up in the railroad and telegraph service. Since 
this school on the east side, referred to by the speaker, taught 
the trade of telegraphy, I suppose I сап stand accused of being 
an electrical mechanic in that line, although it is not usually соп- 
sidered a trade. It has always been a source of pleasure to me 
that I learned telegraphy and that I am able to practice it to-day, 
and earn my living atit. And right here is where it appears 
to ше that à great mistake is made, that people do not realize 
that young men when they learn a trade, if they have the 
necessary qualifications for progress, will either go higher 
in that line, or their experience may open up another course 
for them. I have yet to see the man; who, having first 
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learned a trade, whatever his position might be in after life, 
was not proud of being able to do something that showed that he 
was skilled in some particular line—a skilled craftsman. 1 was 
riding through a city one day with a master mason. and he 
pointed out to me the different houses that he had either built or 
worked on. І said to him then, that 1 thought it was a source of 
gratification toa man through life that he could point to actual 
works of construction that were, as you may say, monuments to 
his skill, and 1 think that such a feeling prevails in every line of 
mechanical progress. ] have a friend, the son of a neighbor of 
mine, who went through this New York Trade School іп the 
plumbing department, "апа he is the only boy in the neighborhood 
out of perhaps half a dozen, who actually learned a trade. He 
went to this trade school and is considered a skilled workman. 
One of the astonishing things about it is, when we consider these 
old-time apprenticeships of five and seven years, that a young 
man will go to one of these trade schools and master some of the 
arts in а few months, because he is taught, although I am told 
that when graduated they are considered merely apprentices. 
His time is not oceupied in sweeping out in the morning, going 
out after beer, and doing all the rough work in connection with 
the establishment for a year, or perhaps being kicked around and 
prevented from learning, rather than aided. Another point in 
regard to education that I think is w orthy of consideration, is 
that hefore the bevs arrive at the period when they realize the 
social prejudice against mechanics they shonld be given in the 
way of play, if you please, some mechanical work, ax a diversion, 
and to relieve them from brain work, and you would find them 
glad to devote their time to building water wheels or boats, mak- 
ing their own toys instead of buying them, as is generally the 
case at present. 

If a mechanic is at work in the city, within view of passers-by, 
you will frequently see a crowd of men and boys watching the 
operation, as if they enjoyed seeing the mystery of mechanical 
skill, as much as though they had paid to see a show. In one of 
those “Notes about town” appearing in a daily paper, it was stated 
that when a man was seen knocking a hole through a plate-glass 
window to put ina whirling ventilator, it would draw more peo- 
ple than a dog fight. I spoke of the early training of the boys, 
giving them these different trades to amuse themselves, you might 
say, because it has another practical bearing, revealing one of 
the most difficult problems a parent has to confront in the case 
of boys, and that is ascertaining what particular trade they are 
adapted for. Frequently boys come to us who are determined to 
learn about electricity. I have wondered what this same class of 
boys did before we had any electric work, and trades were com- 
ш few. ЈЕ 15 difficult to tell what а boy's bent is unless 

ie is à natural mechanic. · А boy who has a mechanical turn of 
mind will generally show it by getting hold ofca hammer, and 
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perhaps doing as my brother did, driving the front door step full of 
nails. He did not become a carpenter after that but probably 
would, if he had been trained. llis son became quite an efficient 
carpenter in a manual training class, but is now a traveling drv- 
goods salesman. If we could find out a little earlier than we Со, 
what a boy is adapted for, and give him a chance to shift, in 
case he took up the wrong trade, we might save valuable time in 
the future; when he arrives at years of discretion, and spends 
four or five years of his valuable time in finding out that he is doing 
something that he is not fitted for. I made inquiry at the New 
York Trade School in regard to this point. It is found, that 
boys take a notion that they want to learn some onc trade, and 
after they get there and try it a little while, they make up their 
minds they would rather not learn that trade, and change to 
something else. These are quite important points, and the whole 
mn isa very large опе. 1 was very glad to hear from Mr. 

etzler in regard to the German system, because I think that 
where we have zn example to go by, it is well to profit by it, and 
there is little doubt that in this respect the German scbools are 
far in advance of any other country. 

Mr. Hamerschlay’s reference to the fact that electrical workers 
are frequently drawn from other trades, es carpenters and 
draughtsmen, reminds me that wiremen were perhaps first gen- 
erally recruited from the carpenter’s trade about 1873, by my 
brother, Henry W. Pope, at that time General Superintendent of 
the American District Telegraph Co in this city. He saw that 
ordinary linemen were not well trained in the matter of doing 
neat work about buildings and found by experience that for the 
simple construction of that day it was easier to make a good wire- 
man out of a carpenter, than to teach the existing craftsman how 
to make a neat job of running wires, especially in exposed work. 

Mr. WxrztLER:— Mr. Chairman, one has а natural hesitancy 
about speaking of work with which one is directly connected, 
and I feel some delicacy in speaking about the subject of corre- 
spondence schools which Mr. Hamerschlag adverted ќо. ` But 
there is no question in my mind that one of the great aids to the 
young apprentice who cannot, by any possibility, attend a school 
such as Mr. Hamerschlag described to us to-night, is the corre- 
spondence school. How many young men that are now growing 
up in trades are so situated that, even if such a school] existed, 
they could attend it? I should say that the proportion is no 
greater than that which now exists between the men that are 
graduates of colleges in the United States, and those who are not; 
that is, about 1 to 100. For them, it appears to me, there is no 
other way of securing that theoretical training—when I say 
theoretical, I do not mean impractical, but rather the mental 
training, supplementary to their daily work, which is absolutely 
necessary to make them intelligent workers. I say this from ex- 
perience. This experience which is fortified by.the testimony of 
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hundreds of letters, convinces me that the only way in which 99 
out of 100 budding electrical workers can be reached to-day is by 
means of the correspondence: : schools. 

Turk Cuarrman:—I know that it has done me good to have 
been here this evening, as it will enable mein the future to re- 
ply more satisfactorily to the numerous applications for advice 
which [ receive from fathers and relatives as to what they should 
do with their boys. It is usually the case that the boy has а 
mechanical turn’ of mind; puts up electric bells and burglar 
alarms about the house, showing a fondness for mechanical pur- 
euits, and each fond father feels that he has in his home a born 
genius—an Edison, who needs only the opportunity to develop 
splendid latent talent. I must say that I have often been at a loss 
as to what counsel to give in such cases. The parents are in 
most cases unable to send their boys to the higher technical 
schools, and in pointing out the possibilities which the electrical 
industries open to voung men, they feel satisfied that this is the 
line which they would have their boy follow. The diflieult 
question immediately follows as to how the boy may obtain a 
start, and Mr. Hamersehlag's address tliis evening will go far 
toward enabling me to satisfactorily meet this question. I “hope, 
however, that it mav not have the etfect of increasing the great 
difficulty Mr. IIamerschlag aiready experiences, in satisfactorily 
meeting the applications for admission to the trade school. 

In regard to the correspondence schools, the question has 
often been asked me as to their efficiency and the extent to 
which young men were profiting by the advantages which they 
offered. The company with which I am connected, employing a 
number of young men, is of course an excellent field from which 
to recruit students for the correspondence schools and we had 
applications from all of them to be allowed to present their re- 
spective advantages to our employees. To have permitted their 
representatives to canvass our employees would have caused 
serious interference with their regular duties and if allowed during 
working hours, would have been incompatible with the station 
rules, At the same time it must be recognized that it is of the 
first importance to the employer that his employees should be as 
thoroughly instructed as possible. and it seemed а matter of re- 
gret that it was not feasible, without infringing the company’s 
rules, to bring directly to the attention of the men the advantages 
which these correspondence schools seemed to offer. I therefore 
took oceasion to make inquiries to find out to what extent theem- 
ployees were informed as to the existence of these schools and 
the advantages which they offered, and | was surprised to find 
how well informed the men were on this subject—so well, in- 
deed, that it did not seem necessary to bring the matter specifi- 
callv to their attention by allowing direct canvassing by the 
representatives of the several correspondence schools. 

Mr. HamerscHiac :—I would like to extend а cordial invita- 
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tion to the members to visit the New York Trade School at any 
time that thev can, and see the work done there in the various 
trades, and I would like to state that the electrical course is only 
in session on Monday, Wednesday and Friday nights. On other 
nights, and during the day, the other classes аге in session. If 
any of the members are sufficiently interested, they will receive 
& very cordial reception if they merely mention that they are 
members of the IxsrrrvTE. 

Мв. WErzLER :— Before adjourning, I move you, sir, a very 
hearty vote of thanks to Mr. Hamersehlag for his interesting 
and important paper this evening. [Seconded. | 

Тнк CnaiMAN :—It gives me great pleasure to put this motion. 
It has been moved and seconded that a vote of thanks be extended 
to Mr. Hamersclilag for his interesting remarks this evening. 
Those in favor will please say aye; contrary, no. [Саггіеа.] 

On motion the meeting was adjourned. 


OBITUARY. 


BY TOWNSEND WOLCOTT. 


CHARLES Epwarp Emery, Pa.D. (Associate Member, June 
96th, 1891, member, April 19th, 1592,) was born at Aurora, 
New York, on March 29th, 1838, and died in Brooklyn, on June 
1st, 1898. Не was a descendant of a branch of the Emery family 
that came from England to Newbury, Massachusetts, in 1635. 
He attended the Canandaigua Academy, and at the same time 
lost no opportunity to acquire information from independent 
sources, by which means he early became aequainted with 
practical engineering. A branch of the Erie Railroad terminated 
at Canandaigua, and one of the engineers on that road took D. 
K. Clark’s work on the locomotive, in numbers, which young 
Emery borrowed and read in detail, and then after thoroughly 
mastering the contents, he explained it to the enginemen at night 
in the roundhouse. The enthusiastic spirit which prompted such 
a course of study, soon found an opportunity for the practical 
application of the information thus gained, and carried the 
applieation to success. The engines on that division of the road 
had been running for over two years without repair, and the 
valves were working badly on account of lost motion. Young 
Emery recommended that the eccentries be advanced to restore 
the lead, and the recommendation being adopted, he super- 
intended the operation, school-boy as he was, while the gray- 
haired men piuched the engines along the track and reset the 
eccentrics as directed. [Ie then ran one of the engines over the 
road, under the eye of the engineer, to trv the effect of the new 
adjustment, which proved to be quite satisfactory. Incidentally 
it may be remarked that he was not strong enough to hook back 
for expansion, without assistance. 

Another boyish exploit of our budding engineer, was the 
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building of a steam engine with his own hands, and almost with- 
out tools. The majority of boys who have a natural liking for 
machinery, at some time during their youthful days, either build 
or attempt to build eteam engines, and young Emery's engine 
'and the process of construction thereof, bore many points of 
resemblance to the typical form. There was the usual poverty of 
tools and material, and wealth of more or less ingenious make- 
shifts, but in one respect this engine was differentiated from the 
usual form: it eventually ran with real steam, generated in its 
own boiler. The specifications of this remarkable engine were, 
so far as recorded, as follows. The fly-wheel spokes and con- 
nections were of wood, the cylinder was an old syringe made of 
type-metal or similar alloy ; the cylinder ports were capped with 
an iron plate, which with the type-metal valve, was accurately 
laid out and finished, as our young engineer had advanced ideas 
in regard to valves and valve gear. The boiler was made from 
a length of stove-pipe, with wooden ends nailed in, and made 
tight by boiling bran inside, which in those days was the most 
approved method of stopping small leaks in steam boilers. The 
most remarkable thing about this engine, however, was the con- 
struction of the valve gear. Young Emery was an engineer on 
his own account, and not a mere imitator. He designed for this 
engine, a valve gear in which the principal motion was given by 
a link turning on a fixed center, the lead being obtained inde- 
pendently from the cross-head. This device was long afterward 
brought out in Germany and became well known under the 
name of the Waelschaert valve gear. It was used in the heavy 
pushing locomotives in Belgium, in the Fairlie type of engines 
built by the Mason Locomotive works at Taunton, Massachusetts, 
and in some steamships by Bryce Douglas. Another model con- 
tained the germ of one of the radial valve gears now in use. 
After leaving school Mr. Emery was for a short time employed 
in the drafting room of a railroad company, aud afterwards in a 
country foundry and machine shop, where he helped in the 
foundry, ran the engine, operated iron and wood-working tools, 
made drawings of machinery or prepared cases for the patent 
office, as circumstances required. This was a course of training 
of great value to an engineer, and Mr. Emery made the most of 
his opportunity. Пе took a special course of study in the office 
of Marvin Porter, О. E.; next at the solicitation of friends he 
entered the law oftice of Hiram Metcalf, Esq., where he studied 
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law for two years, with а view of becoming a vatent lawyer, and 
at odd times busied himself as a land surveyor, and in making 
maps and plans of buildings. 

The first shot at Sumter found him on a sick bed, but soon 
after he organized a military company which was, however, dis- ` 
banded without having seen service, owing to the premature 
proclamation of President Lincoln that no more troops were 
needed. А little later Mr. Emery entered the navy as an 
assistant engineer, and was on the steamer Richmond in the 
engagement at Fort Pickens, the capture of New Orleans, and 
the naval attacks of Vicksburg and Port Hudson. Some sug- 
gestions made by Assistant Engineer Emery as to experimental 
steam apparatus reached the ears of Engineer-in-Chief В. F. 
Isherwood, who ordered him to experimental duty at the Novelty 
Iron Works, New York, where he had unusual opportunities for 
several years. Mr. Emery resigned from the navy on January 
1st, 1869, and was engaged fora year in making experiments for 
the Novelty Iron Works in connection with the proposed 
manufacture of steam engines, and prepured the elaborate circular 
afterwards published in book form by the vice-president, W. Р. 
Trowbridge, entitled “Condensing and Non-Condensing Engines." 

Mr. Emery was engaged in the fall of 1869 as the general 
superintendent of the American Institnte Fair, it being at the 
time arranged that he should go back to the Novelty Iron Works. 
as general superintendent. The establishment, however, was 
closed before his return, and Mr. Emery entered into business 
for himself as consulting engineer and patent expert, writing 
occasionally for the scientific papers. Пе had previously how- 
ever been appointed consulting engineer of the United States 
Coast Survey and United States Revenue Marine, in connection 
with which he was also made superintendent of some work for 
the supervising architect of the Treasury Department. Mr. 
Emery built several vessels for the United States Coast Survey, 
and was actively interested in the revival of the compound 
engine in this country. The first engine built for the Coast 
Survey steamer Hassler, was probably the most economical 
engine of ita size ever constructed. Reports on file show that 
the vessel, with a displacement of 400 tons, made with half boiler 
power, a speed of eight knots, most of the time running a liue 
of soundings, on a consumption of two and one half tons of coal. 
per day. While in the naval service at the Novelty Iron Works, 
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Mr. Emery was employed as consulting engineer by the IIecker 
Brothers of this city, to initiate and superintend repairs to the 
engines and the construction of new boilers, with such success 
that the output was increased 50 per cent. in the larger mill. 
Mr. Emery was at this time a strong advocate of the compound 
engine and was criticized in some quarters on that account, but 
his judgment has been amply vindicated by the later perform- 
ance of compound engines. 

The Coast Survey appointment terminated when the naval 
engineers were ordered to the vessels; that to the Revenue Marine 
was continued some twenty-one years, until 1891. In this service 
the machinery for twenty new vessels was constructed under Mr. 
Emery's direction, and that of all the others several times 
repaired and foniodéled. In 1874 an opportunity was embraced 
to place three different types of machinery in three hulls of the 
same size, one a long stroke, high pressure, condensing engine; 
another a short stroke, low pressure, eondensing engine; and a 
third a fore-and-aft, compound, condensing engine. These 
vessels as well as a subsequent one, in which the cylinder of a 
high-pressure, condensing engine was jacketed, were thoroughly 
tested by a joint board of engineers from the Navyand Treasury 
departments, Chief Engineer Charles H. Loring, representing 
the former, and Mr. Emery the latter. The results were at the 
time the only reliable ones extant, and the printed reports and 
an analysis of the same by Mr. Emery were copied in the text 
books and technical literature at home and abroad. The degree 
of Doctor of Philosophy was conferred upon him soon afterward, 
by the University of the City of New York. 

Dr. Emery was one of the judges at the Philadelphia 
Centennial Exhibition, on engines, pumps and mechanical 
appliances, and an associate member of the scientific committee 
on musical instruments, electrical and other scientific apparatus, 
and was assigned to the position of assistant to Lord Kelvin, then 
Sir William Thomson. Пе was also appointed one of the judges 
in the Electrieal Department of the Columbian Exposition at 
Chicago in 1893, and was placed on the Committee to which 
was assigned the examination of dynamos and motors. 

In 1879, Dr. Emery while continuing his connection with the 
Revenue service, became the chief engineer and finally manager 
of the New York Steam Company. Пе designed and built the 
entire plant, providing four stories of boilers, aggregating 16,000 
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horse-power at the Cortlandt street station, using wrought-iron 
pipes of the largest size it was then possible to obtain, (some' 
fifteen inches and even sixteen inches in diameter), designing 
special expansion joints and other details, and making the work 
& complete mechanical success. Steam was supplied through 
вегуісе pipes, eight and ten inches in diameter, to buildings like 
the Produce Exchange, the Mutual Life building, and finally the 
New York Court [ouse and Post Office, at distances of one half 
to three quarters of a mile from thestation. The plant operated 
very satisfactorily and still eontinues to do so under the original 
pressure of eighty to eighty-five pounds. The steam company 
had the prospect of an enormous business before it, but the 
situation has been greatly changed by the subsequent growth of- 
the electrical industries, especially the transmission of light and 
power over considerable distances. In consequence of this a 
great many power-users take electric power from central stations, 
who would otherwise take steam from the steam company. On 
the other hand however, there are ofhce buildings in the district 
served by the steam company, which have their own plants in- 
eluding dynamos, engines and boilers complete, but which take 
steam for their engines from the steam company іп preference 
to firing their own boilers. А smaller steam station was erected 
on Fifty-eighth Street near Madison Avenue. Dr. Emery resigned 
from the steam company in October, 1877, up to which time 
there had been expended on the work nearly two millions of 
dollars, and continued business as consulting engineer and 
engineering expert in relation both to practical matters of 
engineering and those arising from litigation in patent cases, 
condemnations of water power, ete. Dr. Emery lias been con- 
sulting engineer for the terminal facilities of the New York and 
Brooklyn Bridge and several of the principal plants of the Edison 
Electric Illuminating Company. Не was for а number of years 
consulting engineer for the City of Fall River, Massachusetts, 
and prominent in connection with the compromise of the 
difficulties between that city and mill owners; resulting in a 
novel agreement, based on his report, by which water was to be 
thereafter furnished to the city from the Watuppa ponds in con- 
sideration of the abatement of taxes on water power. Пе has 
been connected with the building of steam yachts, a subwav 
company and a number of similar enterprises. He has lectured 
at Cornell University, and other educational institutions, and 
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while in the government service was chairman of the engineering 
examining boards of Ше United States Revenue Marine. Мапу 
of his lectures were published in the Scientife American 
Supplement. 

Besides being a member of this IxsrrrvrE, Dr. Emery was also a 
member of the following bodies. The American Society of 
Civil Engineers, the American Society of Mechanical Engineers, 
the American Institute of Mining Engineers, the American As. 
sociation for the Advancement of Science, the British Institution 
of Civil Engineers, from which he received a Watt medal and a 
Telford premium for an approved paper, and the Brooklyn 
Institute of Arts and Sciences, in which institution he held the 
office of president of the departinent of engineering. 

Dr. Emery always dwelt with much pleasure on his association 
with the New York Electrical Society, whose usefulness he held 
in high estimation. He was Vice-President from 1898 to 1894, 
and during that year of office he left an imprint on the counsels 
of the Society. In 1896 he was elected President, and his 
presidential term was distinguished by the same earnestness and 
wisdom which were apparent in all his relations to the Society. 
His inaugurai address before the Society entitled “Reminiscences 
of Forty Years of Eagineering Experience," was of more than 
ordinary interest and historical value. 

In his official capacity of judge at the Centennial Exhibition 
at Philadelphia, Dr. Emery had au excellent opportunity to 
estimate the future possibilities of the various branches of applied 
science, and being impressed with the prospects of electricity, 
he determined to study that science, but several years elapsed 
before he had апу business or professional connection with 
‘electrical matters. However. he never lost his personal interest 
in electricity, and as the different branches of the industry 
developed, he kept in. touch with them. On June 26th, 1891, 
he was elected to this Ixsrirvrr, and on April 19th, 1892, he was 
transferred to full membership. On October 93d, 1595, he was 
appointed to the Board of Examiners, and at the next meeting 
of that body on November 6th, he was elected chairman, which 
office he held at the time of his death. Since his connection 
with the INsrrure, Dr. Emery has read four papers before the 
meetings, besides being a very frequent participant in the dis- 
cussions, lis papers were as follows; at the general meeting 
of the Ixsrrrvrk at Chicago, June 6th, 1892, а paper on * The 
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Relation" Between Magnetomotive Force and Maguetization" 
at the local meeting at New York, March 21st, 1893, a paper on 
** The Cost of Steam Power" at the general meeting at Niagara 
Falle, June 26th, 1895, another paper on the same subject and 
also a paper on * Alternating Current Curves." "The papers on 
the cost of steam power are of great practical utilitv, and have 
become a standard of reference. 


OLIVER BLACKBURN SIIALLENBERGER. 


A Memorial. 


BY CHARLES A. TERRY. 


OLIVER BLACKBURN SHALLENBERGER Was born at Rochester, 
Pennsylvania, May 7th, 1860. His father, Dr. A. T. Shallen- 
berger, is one of the leading physicians of osten Pennsylvania, 
and a brother of the Hon. №. S. Shallenberger, formerly a mem- 
ber of Congress and now Second. Assistant Postmaster General. 
Upon his mother’s side he descended from the Bonbright family 
of Youngstown, Penna. 

Пе received his early education at the publie schools of Roch- 
ester, and at Beaver College in the neighboring city of Beaver. 
In 1577 he entered the Naval Academy at Annapolis, as cadet 
engineer. Out of the one hundred and twenty-six candidates 
examined, twenty-five were admitted and young Shallenberger 
entered at the head of his class. He held this position through- 
out the year. The work of his second and third years was seri- 
ously interfered with, first by an accident resulting in a broken 
arm and a dislocated wrist, and afterward by impaired eye-sight 
which compelled him to abandon night study. Notwithstanding 
these disabilities, he held third position in his class at the end of 
his course. 

The department of physics at Annapolis occupied а prominent 
position in the curriculum at the time of Mr. Shallenberger’s 
entrance, and particular attention was given to electricity. -Mr. 
Shallenberger found in this line of work a field peculiarly con- 
genial to his tastes, and was enabled to indulge his natural incli- 
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nations toward original experimental investigations. The syste- 
matic training and thorough knowledge of the fundamental 
principles of physics which he was thus able to acquire, formed 
the basis of his subsequent careful work, and enabled him to 
readily and accurately shape the directions of his investigations 
along lines in which he was always surprisingly free from erro- 
neous conclusions and those deviations and vagaries which are 
characteristic of many inventive minds. After completing the 
three years’ course at Annapolis, he took the customary two 
years’ cruise upon a government vessel. He was assigned to the 
U.S. flagship Lancaster, and the greater portion of the time 
was spent in the Mediterranean. The most notai:le experience 
of these two years was that of witnessing the magnificent spec- 
tacle of the bombardrrent of Alexandria. The vivid pictures of 
different scenes of this event which Mr. Shallenberger’s clear, 
concise style and remarkable command of language enabled him 
to give, were always full of fascinating interest to his friends. 
Among his contemporaries at the Naval Academy were Mr. 
Frank J. Sprague, Dr. Louis Duncan, Mr. W. F. C. Hasson, 
Mr. Gilbert Wilkes, and several others whose names are promi- 
nent among electricians. 

In 1883 he returned to the United States, and in 1884 resigned 
from the naval service and thereafter devoted his entire atten- 
tion to the science of electricity. The Union Switch and Signal 
Company, of Pittsburg, under the management of Mr. George 
Westinghouse, was at that time organizing au electric light de- 
partment, and Mr. Shallenberger became associated with that 
work. His genius and executive ability were at once recognized, 
and he was selected to take charge of the experiments made the 
following summer and fall with the Gaulard and Gibbs alterna- 
ting current apparatus which Mr. Westinghouse imported from 
Europe. During this period Mr. Shallenberger was associated 
with Mr. William Stanley and Mr. Reginald Belfield in the 
commercial development of the alternating current system. The 
results of the investigations made by the Union Switeh and 
Signal Company led Mr. Westinghouse to organize the Westing- 
house Electric Company, and Mr. Shallenberger was appointed 
Chief Electrician of that company and later of its successor, the 
Westinghouse Electric and Manufacturing Company. Не was 
elected an associate member of the Instirure September 7th, 
1888, and was transferred to membership December 4th, 1888. 

In 1889 he went abroad and spent a considerable time in visit- 
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ing the central stations in many of the larger European cities. 
In 1891 failing health compelled him to resign his position as 
Chief Electrician, but the Westinghouse company, unwilling to 
part with his services, retained him as Consulting Electrician. 
The succeeding winters he was compelled to spend in Colorado, 
but the summer months were spent at his home in Rochester, 
where he continued his work at a well equipped laboratory near 
his residence. 

In 1897 he organized the Colorado Electric Power Company, 
of which he was President at the time of his death. He returned 
to Colorado in October of 1897, accompanied by his wife, Mary 
W oolslair Shallenberger, whom he married November 27, 1889, 
and their two children, a son and a daughter. His strength 
gradually waned, and during the evening of January 23rd, 1898, 
he passed peacefully from among us. 

Twenty-four years devoted to education, and fourteen years 
spent in giving to the world the fruits of his splendid intellect, 
span the brief period of his life, but each year of that short life 
witnessed the cultivation of a most lovable character, the develop- 
ment of a masterly mind, and lasting bencfits to his fellowmen. 

It would be interesting, indeed, to review many of Mr. Shal- 
lenberger’s important contributions to the electrical art and to 
trace back to his engineering skill many of the essential features 
which are utilized in the modern systems of electrical distribu- 
tion. He invented the street lighting system in which each of a 
series of incandescent lamps is shunted by a reactive coil having 
its winding so proportioned to the mass of iron in its core that 
upon the interruption of the current through any lamp, a normal 
current is allowed to flow through the corresponding coil to the 
remaining lamps by reason of the consequent high magnetic sat- 
uration of its core. The construction of converters with primary 
and secondary coils separately wound and insulated was originated 
by him. He also was the first, in this country at least, to con- 
nect alternating current generators in parallel circuit, and he de- 
vised ingenious methods and apparatus for that purpose. The 
compensating indicators for showing at the central station the 
condition of the consumption cireuit were worked out by him. 
Ilis latest work was in producing a series of alternating current 
recording and indicating wattmeters for accurately measuring 
the energy consumed upon inductive as well as non-inductive 
circuits, and compensating for variations in temperature and 
rates of alternation. But of all his inventions, the development 
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of the current meter bearing his name is surrounded with the great- 
est interest, not alone because of its intrinsic value and impor- 
tance, but because it illustrates the character and mental aptitude 
of the man. He was original in his conceptions, comprehensive 
in his grasp of ideas, conscientiously thorough in developing 
them, accurate in his conclusions, and complete in his final ex- 
pression; these characteristics were abundantly evident in his 
development of the meter. While testing an experimental arc 
lamp upon an alternating current circuit, his attention was at- 
tracted by the rotation of a small spiral spring, which, dislodged 
from its position in the lamp, had fallen upon the brass head of 
the magnet-spool adjacent to a projecting core of iron wires. 
The motion was so slow as to be scarcely perceptible, but it did 
not escape his quick observation. He realized at once that he 
was in the presence of a new phenomenon. All his energies 
were immediately devoted to ascertaining the cause. Experiment 
followed experiment іп rapid succession. Before he left the lab- 
oratory that night he developed from this accidental suggestion 
the complete conception of the alternating current meter, an ob- 
ject for which he, as well as many others, had for many months 
sought in vain. He pursued his further experiments with such 
zeal and good judgment that within a month he had produced a 
complete working meter, in essentially the same form that it is 
now manufactured after nearly ten years of extended use. 

It is a curious but well recognized fact that important inven- 
tions and brilliant discoveries are often independently made by 
different people in widely separated localities, and the history of 
the production of the rotary field motor, an essential part of the 
Shallenberger meter, contains a striking instance of this phenom- 
enon. While Mr. Shallenberger was producing his meter in 
Pittaburg, Mr. Tesla in New York was preparing to make public 
the wonderful discoveries which he had made in alternating 
current motors. Professor Ferraris, at Turin, contemplating 
with the delight of a profound scientist the beauty of a mathe- 
matical theory successfully demonstrated by the workings of 
physical apparatus, had prepared a paper descriptive of the the- 
ory of operation of a small motor which he had previously con- 
structed, and suggesting its applicability to electric meters. Mr. 
Shallenberger’s discovery was made during the week ending 
April 20th, 1888. Mr. Tesla presented to this IwsrrrvTE his 
memorable paper regarding his work on the evening of May 1st, 
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1888, the same day that his patents were issued. Professor 
Ferraris’ article appeared in a journal which, while bearing a 
somewhat earlier nominal date, was actually published during 
either the last week of April or the early part of May. The 
results of the work of each of these three brilliant inventors was 
characteristie of their respective mental attributes, and while 
neither might have arrived at the special utilization of the others, 
they independently discovered the fundamental theory of the 
rotating field, one through an inventor’s intuitive process of rea- 
soning, another through pure mathematical calculations, and the 
third through a quick perception and intelligent appreciation of 
the presence of an unusual phenomenon. 

The history of the first decade of the Westinghouse company's 
existence is full of the personality of Shallenberger. His ability 
to fashion apparatus in its simplest, most efficient form, was one 
of his prominent characteristics. The words of Prof. Tyndall, 
used in reference to another inventor, are peculiarly applicable 
to Mr. Shallenberger: “He had an inventor's power, and an 
inventor's delight in its exercise. Such minds resemble a liquid 
on the point of crystallization. Stirred by a hint, crystals of 
constructive thought immediately shoot through them. He had 
the penetration to seize the relationship of facts and principles, 
and the art to reduce them to novel and concrete combinations." 

His lovable character, strong Christian manliness and capacity 
for warm friendship, endeared him to those who knew him best. 
The many who knew him by his works only, will gain some 
conception of the value of these qualities through the letters 
from some of his friends which it is my privilege to present with 
this brief tribute to his memory: 


From Leonarp E. Curtis. 


Mr. Shallenberger was опе of the most lovable men I ever knew. He had a 
singularly sweet and cheerful temper, а rare unselfishness and a sincere honest y 
of character that made friends of all who knew him. I do not think he ever 
had an enemy. His unfailing courtesy, his thoughtful consideration for the 
rights and feelings of others, in small things as well as great, his keen sense of 
humor, and a certain playfulness of imagination and quaintness of expression 
in his ordinary intercourse with his friends and associates, made him a most 
delightful companion for us who knew him well. His amiability did not, as is 
often the case, come from weakness, for he was a man of strong convictions, 
and when any question of right and wrong was involved, nothing could divert 
him from the strict line of duty. His cheerfulness of temper came largely from 
a nabiding faith that *' somehow good shall be the final énd of all,” and also in 
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large measure, I think, from a certain clearsightedness as to the facts of his 
environment and an uncomplaining acquiesence in what was inevitable. 

Others will probably be able to speak from more direct knowledge with re- 
gard to his work as an engineer and as one of the executive officers of a great 
industrial organization, but I had an opportunity to see a good deal of his 
work as an expert and as an inventor. We worked together in à good many 
patent cases, some of which were very intricate and difficult, and I soon came 
to regard him as the stronge-t and most reliable electrical expert that 1 knew. 
His knowledge of the physical laws relating to electricity and magnetism was 
very thorough and practical, his powers of observation were acute and highly 
trained, he was an ingenious and careful experimenter, and he was, above all, 
a singularly clear thinker and close reasoner. In consultation he was especially 
helpful. Plausible fallacies and untenable positions that had at first more or 
less attraction for most of us did not detain his attention long. His mind 
seemed instinctively to reject any proposition that led to an illogical conclusion, 
and he did not take a position until he had worked out all the logical conse- 
quences of it. He was а very strong witness. His language was simple and 
direct, but clear and forcible, because he was a clear thinker. On cross-exam- 
ination he never gave me any anxiety. He might amplify or explain on cross- 
examination the views he had expressed in his direct testimony, but he had no 
occasion to modify them because he had already thought the matter out fully 
and told the truth as he understood it. 

Although he was severely practical in his work, he had a vivid imagination, 
and was fond of speculative discussion when more serious work was not press- 
ing. I have spent many delightful hours with him in the intervals of our work, 
and later when we both had a good deal of leisure here, in discussing the un- 
solved problems of science and the greater problems of the supernatural world, 
It is one of the great sorrows of my life that there are to be no more such hours 
for me. 

I have touched on a few points that especially impressed me in Shallenber- 
ger’s character, but I feel that I can give no adequate expression to what he was 
to me and to others who were so fortunate as to know him well. 


CoroRADo SPRINGS, March 7th, 1898. 


From Evisu THOMSON. 


Though it was not my fortune to meet Mr. Shallenberger frequently, I ob- 
tained at the outset a high appreciation of his fine character and genial dispo- 
sition. To meet him was to admire and trust him. It is one of the great 
sorrows of life that such friends are so soon taken from us. 

Mr. Shallenberger’s electrical work is so well known and so highly valued as 
to need no praise from me. He held a high place among electrical engineers. 
The discovery of the principles of alternating current induction, upon which, 
in his hands, his beautiful induction meter and measuring instruments were 
founded, is sufficient evidence of his great ability and technical skill. 

His work has left a lasting impression upon alternating current science and 
industry, and we cannot escape the conviction that had his life and health been 
spared he would have continued his successful work and would have won many 
fresh laurels. 


Swampscott, Mass., March 8th, 1898. 
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From Frank J. SPRAGUE. 


Mr. Shallenberger’s life and character, his abilities and accomplishments, 
merit special record, the more so because of his own gentleness and modesty. 
His old naval associates feel a special pride in his work, much of which has 
become standard, and had his life and health been spared, it would have been 
still more for the lasting benefit of electrical science. 

His friends will long miss a good fellow and a loyal companion of most lovable 
character, especially endeared to them by the pathetic ending of his career. 
Among those friends, I am more than glad to have been one. 


New York, March 17th, 1898. 


From NIKoLa TESLA. 


I am glad that your letter gives me an opportunity to express how deeply I 
have regretted the death of Shallenberger. The electro-technical profession 
has lost in him one of its most gifted members. Many a bright idea is recorded 
in his numerous patents, and inuch of his work is embodied in the splendid 
machinery which, during a number of years, he has helped to develop. Al- 
though stricken down in the prime of life, he leaves & brilliant record in the 
profession. 

Shallenberger has also made a record as an original discoverer ; for, although 
at a later date, he independently observed some rotations in a magnetic field, 
his merit is all the greater, as he did not stop at a laboratory experiment, but 
quickly applied the principle practically and produced his beautiful measuring 
instruments. 

Shall we content ourselves to merely honorably mention the name of a man 
who has done so much ? I will not presume to make а suggestion in my са. 
pacity as one of his co-workers, but Shallenberger was a friend whom I have 
liked and esteemed highly, and particularly in this quality I would feel very 
gratified to see his пате more fitly commemorated. 


New York, March 17th, 1898. 


From WiLLIAM STANLEY. 


Oliver Shallenberger was a delightful man to know—frank, fearless and posi- 
tive, he possessed in an eminent degree that clear-headedness which made him 
sure of every step in his scientific work. 

W hen he first began his practical alternating current work there was little 
available information on the subject. No alternating machinery had been con- 
structed in this country, and the laws governing alternating current phenom- 
ena were but vaguely understood. In fact, the machinery for the transmission 
and transformation of energy by alternating currents was devised and put in 
practical use before the laws governing such machinery had been digested by 
engineers, Into this chaotic condition of affairs Shallenberger threw his whole 
strength. He quickly separated the logical and useful information from the 
unscientifie and uncertain ; he made clear and simple many vexing and misty 
problems, and he probably did more than any engineer of the time in perfecting 
the so-called alternating system. 

But, while Shallenberger's value as an engineer was known ќо many who 
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came in contact with him, it was the privilege of but comparatively few to 
know him as [ knew him; to know his charming personality and his high char- 
acter. And while his inventions and engineering work have created a promin- 
ent place for his name in the development of practical electricity, his person- 
ality created friendships which his untimely death can but cause his friends to 
cherish the more. | 


PittsFIELD, Mass., March 12th, 1898. 


From ALEXANDER JAY WURTS. 


It was my good fortune to be associated with Mr. Shallenberger as far back 
as 1887. I soon learned with others to admire his clear mind and wonderfully 
good judgment, but it was not so much these characteristies, together with his 
great inventions and the rapid progress he made in the science of electricity, 
which attracted my attention—there is not such a great lack of brilliant men in 
the world—what drew me to him more than anything else was his beautifully 
refined character. It was а real pleasure to greet him after a week's absence. 
I shall never forget his generous hand-shake and his always cheerful and 
pleasant ** good mornings;" and he was just the same to all—everybody loved 
him. i 

I remember so well when Mr. Shallenberger first went to Colorado. It 
seemed as though the light and life of the laboratory had gone out; and as 
though we really could not get along without him. But now that he has gone 
from us, not to return, it is not so much his great inventions or his loss as a 
scientist that is talked about among his associates, but rather some phase of his 
character. The loss which we all feel is “О. B." Those who knew him will at 
once recognize what I mean and nothing else can possibly express it. 


PiTTsBURG, Pa., March 9th, 1898. 


From T. C. MARTIN. 


The history of the alternating current in this country must always include 
Mr. Shallenberger's early work. for he not only did much to introduce the sys- 
tem for practical purposes, but was one of the first to address himself to the 
difficult problem of measuring that current. His success, in the beautiful 
instruments that bear his name, is a matter of record. It must not be forgotten 
that Mr. Shallenberger did his best work, in this direction, at a time when the 
alternating current was hardly known, harshly criticised and bitterly opposed; 
and hence he is entitled to double credit for the foresight and courage which led 
him to advocate its many solid claims to consideration. 

Of Mr. Shallenberger personally, one can only speak in terms of admiration. 
He was aconspicious member of that group of naval students who within the 
last fifteen years have made a deep mark on the electrical art in America; and 
he had a pleasant, breezy way that is associated in the popular mind with sea 
life. It was a pleasure to meet with him and talk with him. He not only was 
generous in his views but had insight into affairs, and ability to express well 
defined opinions in a clear, incisive manner. 


New York, March 16th, 1898. 


OLIVER BLACKBURN SHALLENBERG FR. 
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From CBHaRLES F. Scort. 


Mr. Shallenberger's simple, clear, straight-forward way of thinking, im- 
presses me as his preeminent characteristic. His mind was capable and dis- 
eriminating, and he possessed a remarkable facility for transferring his ideas 
into physical forms His best known work—that on alternating current meters, 
well illustrates his clearness and keenness of thought and the direct and elegant 
way in which he expressed his thoughts mechanically. The meter work espec- 
ially exemplifies his refinement and delicacy in both thought and manipulation. 
There was usually but a single step from the matured idea to the practical 
commercial form. It is not often that a new piece of apparatus remains un- 
changed for any considerable time, This has been especially true in electrical 
apparatus during the past decade when revolution and evolution have been 
common ; but the original current meter was invented and developed and in 
the short period of a few months received a mechanical form which has been 
duplicated a hundred and thirty thousand times and is still being repeated daily 
with only minor changes, His recent work on alternating current measuring 
instruments shows at once a breadth of conception in taking a general survey 
of the theory of electrical instruments, and the minuteness and precision with 
which he cared for the minutest details. 

It is difficult to realize now how truly work in the alternating current fleld 
a dozen years ago was pioneer work. But what was lacking in those early days 
in knowledge and experience, he made up in keen insight and generous common 
sense, 

Upon meagre data, new tvpes of apparatus, dynamos and transformers, 
measuring instruments and auxiliary apparatus, must be quickly designed and 
. made ready for service. The success of that work contributed in no small 
measure to the snbsequent extension and development of the alternating cur- 
rent system, and this suecess was due in no small measure to the clear insight, 
the sound judgment and the intelligent common sense of O. B. Shallenberger. 

The symmetry of his character was a notable characteristic. In his theoret- 
ical study, in his method of experiment, in the apparatus which he produced, 
in his official relations with those under his direction, in his relations as per- 
sonal friend and also in his home relations—there runs through all a consistent 
simplicity, integrity and sameness. 


PirrsBunG, Pa., March 13th, 1898. 


From REGINALD BELFIELD. 


I am very glad to have this opportunity of adding my tribute to the fine 
character and great ability of my dear old friend, O. B. Shallenberger, whom I 
have had the privilege of knowing intimately for over twelve years, and have 
therefore had very many opportunities of appreciating his worth. 

From every point of view Shallenberger was one among a thousand ; he was 
a true friend, a great electrician, and altogether a type of manhood which is 
seldom seen, It is difficult, therefore, to confine oneself to any one of his par- 
ticular attainments, as he was so many-sided that whether you consider his 
character, ability or work, the temptation is to stray away from that special 
subject, and contemplate them all. 

Shallenberger, when first I knew him, was Electrician to the Union Switch 
and Signal Company of Pittsburg, Pa. Here, in the very early stages of elec- 
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tricity, his talents and inventive genius were most marked, his grasp of any 
new matter great, which, with his capacity for hard work and diligence, pointed 
him out as one of the most brilliant workers of the day in this subject. Even 
so early as this he had turned his attention to alternating current distribution— 
at that time quite in its infancy—and in the development of this system most 
of his later work has been devoted. Allthe earlier machines of the Westinghouse 
company, transformers, instruments, and the thousand and one other things 
which go to make up a system, were designed by him, and his fertile brain was 
never at a loss to work out new pieces of apparatus to overcome difficulties as 
soon as they presented themselves. 

Despite the enormous amount of work which his position entailed, he was 
always experimenting, with most satisfactory results, as the Patent Office rec- 
ords amply testify, and the Westinghouse company has lost a most valuable 
and esteemed man by his early death. 

Shallenberger was gifted with a very sound judgment, and he most fully 
considered all questions from every point before expressing an opinion, His 
experimental work was also directed with a clearness of perception, a full 
knowledge of the matter, and an exact idea of what he desired to obtain ; this 
enabled him to conserve his energies, and was the secret of the immense amount 
of work he was able to get through during his life. His grasp of a subject was 
very quick and thorough, and from a small experiment which to an ordinary 
observer would seem of little or no moment, he was often able to obtain results 
of great value. 


Lonpon, Exa., March 16th, 1898. 
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DIED. 


VERLEY:—At his home in Kingston, Jamaica, March 3rd, 1898, Horace S. L. 
Verley, son of Louis Verley of that place. Mr. Verley was formerly la- 
boratory assistant of Dr. Geyer at the Stevens Institute, and was elected 
an associate member of the Institute May 17th, 1892. He had been ill 
for over a year. 


PERRY :—In Brooklyn, N. Y., March 27th, 1898, Nelson Williams Perry, elec- 
trical and mining engineer. Mr. Perry was a son of Judge Perry of the 
Ohio Supreme Court, and was born in Columbus, Ohio, May 22nd, 1853. 
He joined the INsrrTUTE May 17th, 1992, and was transferred to full 
membership March 21st, 1893. His death was due to the accidental 
drinking of a poisonous solution while working ia his laboratory in dark- 
ness. 


GorT:—In New York City, Monday, June 6th, Clarence P. Gott, formerly Chief 
Engineer and Electrician at the Grand Central Palace. Mr. Gott was 
elected an Associate Member of the INsrTiTUTE, November 20th, 1895. - 


SwiTH:—At Baltimore, Md., December 24, 1898, Captain Frederick Н. Smith, 
City Engineer, of Baltimore, who was born in Pittsburg, Penn., Nov- 
ember 10th, 1839, and elected an Associate Member of the INsTITUTE 
November 12, 1889. He had been in failing health for some time, but 
pneumonia was the immediate cause of his death. The early work of 
Captain Smith was with the Louisville and Nashville Railroad, from 
which he entered the service of the Southern Confederacy, continuing 
through the war. Latterly his work has been in bridge engineering ір ` 
South America and this country. His leisure was largely devo to 
scientific research. He was a gallant soldier. a bright and vigorous 
thinker, a deep student, a faithtul friend, and a devoted husband and 
father. 
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School of Engineering, а А Маг. 
University; residence, 157 M Dec. 
rioth St., New York City. “| 


GALE, НОКАСЕ В. Mechanical and Electrical Engineer, ( A Nov. 
Natick Mass. { M May 


GARDANIER, GEoRGE W.  Assis't Electrical Engineer, Western A April 
Union Telegraph Co.. 195 Broad- M Jan 
way, New York City. ` 


GARRATT, ALLAN V. Chief Engineer, Lombard Water- f 
wheel Governor Co., 6r Hamp- ! A Aprii 
shire St., Boston; residence, 603 ! M May 
Centre St., Jamaica Plain, Mass. | 


GERRY, M. H., JR. Helena Water and Electric Power ( A April 
Company, Helena, Mont. ( M Oct. 
Geyer, Dr. WM. E. Stevens Institute of Technology, ( A June 
Hoboken, N. J. | M Sept. 
GHARKY, WILLIAM Одур Telephone Engineer, The Lorraine, ( A M iy 
Philadelphia, Ра. | M Feb. 
Gisrs, Lucius T. Asst Engineer, U S. N., Navy ( A Mar 
Dep't, Washington, D. C. M Feb 
GIFFORD, CLARENCE E. Electrical Engineer, Box, 292, Oil ( A May 
City, Pa. | M Feb. 


GOLDSBOROUGH, WINDER ELWELL, M. E.. Professor of Elec- A Mar 
trical Engineering, Purdue Univer- ` 


sity, 113 South St., Lafayette, Ind, | М Jan. 
GOLTZ, WILLIAM 1504 Monadnock Block, Chicago, { A Oct. 
us ( M Feb. 


GossLER, Puitirp GREEN Electrical Engineer, Royal Electric ( А June 
Co., 94 Queen St., Montreal, P.Q. | M June 


GRAY, DR. ELISHA Electrician and [nventor, Highland {A Feb. 
Park, lll. M May 


GREENE, S. DANA Assistant General Manager, General § A Sept. 
Electric Co., Schenectady, №. Y. | M April 


GUTMANN, LUDWIG Electrical Engineer, goo Knoxville ( A Sept. 
Ave., Peoria, [l. { M Mar. 


Hapaway, W. S., Jr. Electric Heating Engineer, 107 iM Nov. 
Liberty 5t., New York City. M Oct. 


Н Ал, CLAYTON C. Attorney-at-Law, and Consulting m 


Actuary, Room 40, Maryland | A April 
Life Building, 10 South St., i Oct. 
Baltimore, Md. 
HALL, JOHN L. C. and C. Electric Company. 45 Е зери 
North 7th. St., l'hiladelphia, Ра. | M Dec 
HancuHerr, GEO. T. Electrical and Technical Engineer, A M 
123 Liberty St.. N. Y.;residence, M POE 


Hackensack, N. J. 


HAMBLET, JAMES Manager Time Service. W. U 
Yel. Co., t95 Broadway, P. О. | 
Box 856, NewYork City; resi-4 Diod 
dence, 20 Sidney Расе, Brooklyn, | > 
N. Y. 


(2: ) 


18, 
18, 


I5, 
16, 


18, 
22, 


1890 
1895 


1892 
1893 
1893 
1896 


1889 
1889 


1893 
1896 


. 1888 


1888 


1895 
1896 


1896 
1897 
1893 
1894 


1893 
1899 


1897 
1898 


1894 
1898 


1892 
1892 


1893 


‚ 1894 


1888 
1893 


1894 


‚ 1896 


1884 
, 1884 


1891 
1893 


1896 
1899 


. 1887 


1887 


Name. 
HAMILTON, GEo. A. 


HAMMER, EpwiN W 


HAMMER, WILLIAM J. 


HARRINGTON, WALTER E. 


HARRISON, RUSSELL B. 


HARTWELL, ARTHUR 


HASKINS, CARYL D. 


H ASKINS, CHARLES H. 
HASKINS, CLARK CARYL 
Hasson, W. F. C. 


HAYES, HAMMOND V. 


HAYES, Harry E. 


HAYNES, F. T. J. 


HEATH, Harry E. 


HEINRICH, RICHARD O. 


HENSHAW, FREDERICK V. 
HERDMAN, FRANK E. 


HERING, CARL 
(Life Member.) 


HERING, HERMANN S. 
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MEMBERS 768 
Address. Date of Membership. 
(Treasurer.) Electrician. Western f 
Electric Co. 57 Bethune St.. | A April 15, 1884 
New York ; residence, 532 Morris | M Oct. 21, 1884 
Ave, Elizabeth, N. J 
Electrical Engineer, 46 Second Ave., ( A Nov. 18, 1896 
Newark, N. J. M June 23, 1897 
Consulting and Supervising Elec- 
trical Engineer, 1201 Havemeyer J A June 8, 1887 
Bldg, 26 Cortlandt St., New York | 2 uly 12, 1887 
City. 
Electric Railway Engineer, 200 ^ Mar. 17, 189r 
Market St., Camden, N. J. M May r9, 1896 
Pres. and Electrical Engnieer, Terre 
Haute Electric Railway Co., А arbi; 25» 1895 
Terre Haute, Ind. P i599 
Manager Chicago office, West- f 
inghouse Electric and Mfg Co.: у А Мау 15, 1894 
171 La Salle Street, Chicago, | M Nov. 20, 1895 
J1 
Electrical Engineer, General Electric 
Co., 180 Summer St., Boston, Arta 18, 190 
Mass. June: 20, 1594 
Electrician, 70 Linwood Avenue, d A April 15, 1884 
Buffalo, N. Y. M Oct. 21, 1884 
Electrical Engineer, 682a ed A Sept. 20, 1893 
Adains St., Chicago, Ill. M Mar. 21, 1894 
Honolulu, Н. I { А Mar. 18, 1890 
{М Мау 15, 1894 
Electrician, 'American Bell Tele- 
A Nov. 12, 1889 
phone Co,, 42 Farnsworth St. | { 
So. Boston. Mass. M Mab :18, 1999 
Asst. Electrician, American Tele- 
graph and Telephone Co., 22 ME I 1893 
Thames St., New York Сиу. » 1993 
Divisional ‘Telegraph Engineer, 
Great Western Kailway; resi- ] A Dec. 6, 1886 
dence, Belmont Villa, Cheddon | M Jan. 3, 1887 
Road, Taunton, Eng. 
Electrical Engineer, Windsor, ( А MR 21, 1893 
Conn. M Mar. 2$, 1896 
General Manager, European Westo 
Electrical Instrument Co.. s M B E: d i 
Ritterstrasse, Berlin, Germany. BBS 99 
Electrica! and Mechanical Engin- | A Feb. 5, 1889 
eer, 148 Henry St., Brooklyn, N.Y. 1 M Nov. 20, 1895 
Mechanical and Electrical Engineer. | A Dec. 18, 1895 
Crane Elevator Co., Winnetka, lil. ( M Oct. 21, 1896 
Consulting Electrical Engineer, 929 f 
3, 1888 


Mt. Pleasant Ave., Philadelphia, 
Pa. 


Associate in Electrical ENT 
ing, Johns Hopkins University, 


Chestnut St.; residence 124 m Jan. 


April 


ЈА 
residence, 1810 St. Paul St., Balti- к Аргїї 18, 


more, Md. 


2I, 


M June 5, 1888 


1891 
1893 


764 


Name. 
HERRICK, CHARLES Н. 


` Herzog, Е. BENEDICT, 


HEWITT, CHARLES 


HIRBARD, ANGUS S. 


HiGcINs, EDWARD E. 


HOLMES, FRANKLIN S. 


Houston, EDWIN ]., PA. D. (Past President.) Prof of Physics, | 


(Life Member.] 


HowELL, JOHN W. 


HowELL, WILSON S. 


HUMPHREY, HENRY H. 


HuNTER, RUDOLPH M. 


HuwvriNcG, FRED S. 


(Life Member.] 


HUTCHINSON, Dg. Cary Т. (Vice-President) Of Duncan Jl 


Hype, JEROME W. 


INRIG, ALEC GAVAN 
Ives, EDWARD B. 


Jackson DvGArLv C. 


17) 


Electrical Engineer, 108 Fulton St., 


MEMBERS 


Address. Date of Membership 


Superintendent Isolated, Lighting [ 
and Power Dep't., Edison Electric 


Editor, Street Railway Journal, 26 
Cortlandt St., New York City. 


New York City; residence 445a 
Macon St., Brooklyn, N. Y 


Franklin Inst., Firm of Houston | 
& Kennelly, Crozer l'ldg.. 14294 
Chestnut St.; residence, 1809 | 
Spring Garden St., Phila., Pa. L 


A April 
M Oct. 


Electrician, 20 Chestnut St., New- ( A July 
ark, N. J. 1 М June 


Lamp Testing Bureau Вох, 1:4, 
Newark, N.].: residence, Pd \ M MES 
Prospect St., East Orange, N. | 


Consulting Electrical PR A Dec 


Trust Ва р., St. Louis, Mo. 


Expert and Counsellor in l'atent A Tul 

Causes, 926 Walnut St., Phila- NY 
delphia, Pa. / ау 

Chief Engineer, Engineering De- 
partment, Fort Wayne Electric ) A Nov. 
Co., 325 West Washington St.,) M May 
Fort Wayne, Ind. | 


A Feb. 
M Dec. 


Hutchinson, Consulting Electrical 
Engineers, 71 Broadway, New 
York City. | 
Asst Treasurer, The Springheld 

Steam Power Co., Wason Ridg. VA June 
Springheld, Mass. і ш 


Globe Electrical Co., 44 White Post ( A Jan. 
Lane, Victoria Park, London, Eng. | M May 


Yuma, Arizona, | A April 
M May 
( Vice-President.) Professor of Elec- 


trical Engineering, University of 
Wisconsin, Madison, Wis. 


(A May 
| M June 


A p ue p uw 
» 
> 
д”, 
i 
N 
om 


I5, 
21, 


12, 


5, 


3. 
18, 


k { . 16, 
Bryan & Humphrey, 706 m M April 28 


13, 
17, 


I9. 
17, 

2, 
I5, 


3. 


I7, 


| 
lliuminating Co., 3 Head Place, 4 a т ai ar 
Boston; residence, 22 Herrick St., | Jan.: 17, 1993 
Winchester, Mass. 

Ph. D. President, Herzog Teleseme Ж 
Co., Townsend Building. 1123 ү Тыз кы; bu 
Broadway, New York City. y 12 7 

Electrical Engineer, Union Traction 
Co., 820 Dauphin Street, Phila- M PE E ns 
delphia, Pa. ay I7, 159 
General Manager. Chicago Tele- 
phone Co., 203 Washington + E 16 i 
St., Chicago, ТЇЇ. в 299 


188; 
1884 


1891 
1894 


1884 
1884 


1887 
1888 


1889 
1890 


1896 


‚ 1897 


1886 
1887 


1892 


‚ 1893 


18до 
189o 


8, 1885 


1887 
1892 
1892 
1850 
1894 


1885 
1890 


MEMBERS 
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Name. Address. Date of Membership. 


JACKSON, Francis E. Aylsworth & Jackson, Incandescent ( 
Filament Manufacturers, 128} А Jan. 3, 
Essex Ave., Orange; residence, 61 | M June 17, 
South Grove St., East Orange, N.J. L 


Jackson, HENRY Telegraph Supt. and Engineer, The f 
Lancashire & Yorkshire Railway ! A Mar. 21, 
Co., Horwich, tone Моо, М Dec. 19, 
Lancashire, England. 


JACKSON, JOHN PRICE Professor of Electrical Engineering, (A Scape 
Penn. State College, State Col- M ane oo 
lege, Pa. l Tivi 

Jackson, WM. B. Chief Engineer, New York ОТ 13 


Staten Island Electric Co., West M June 24, 


New Brighton, N, Y. 
JANNUs, FRANKLAND Attorney-at-Law, Solicitor of Ра- ( AONO. $2 
tents, 149 Broadway, (Tel. 3565 M Mar. 18. 
Cortlandt), New York City. | TM 


JEHL, FRANCIS VII Kazinezy-utezo 21, Budapest, ( A June 27, 
Hunyary. M Jan. 22, 


Jenks, W. J. Secretary, Board of Patent Control, (A June 8, 
120 Broadway, New York City. M Nov. 1, 


JOHNSTON, А. LANGSTAFF Chief Engineer, Richmond Traction 
Co., 1112 E. Main St., Richmond, 
Va. 


(A April 21, 
UM April 18, 


Jones, FRANCIS WILEY — Assistant Gen’l-Manayer and Elec- f 
(Life Member. ] trician, Postal Telegraph-Cable | A April 15, 
Co., 253 Broadway, New York) M Oct. 21, 
City. 


KEITH, Dx. NATHANIEL 5. Electro-Metallurgist, 62 Nevada ( A April 15, 
Block, San Francisco, Cal. ( M Jan. 17, 


A Sept 27, 


New York City; residence, 836 M May 16, 


Sherman Ave., Plainfield, N. J. 


KNOWLES, EDWAKD К. E. £., C. Е. Sprague Electric Co, 
20 Broad Street, New York City; ) A June 8, 
residence, 82 Cambridge Place, | M July 12 
Brooklyn. N. Y. 


KNUDSsON, А. A. Electrical Engineer, Room 416, 32 ( 
Nassau St., New York City, der. A Dec. 6, 
phone 617 Cortlandtiresidence,127 | M Jan. 3, 
Prospect Place, Rutherford, N. J. | 


KINSMAN, FRANK E. Electrical Engineer, 120 lence 836 


LANGE, PHILIP A. Superintendent Westinghouse Elec- 
oap" à A Mar 6 
tric and Manufacturing Co., East - M June i 
Pittsburg, Pa. | ; 


LANGTON, JOHN Electrical Engineer, Canada Life ( A Mar 
Building, Toronto, Ont., and 72 үү Jun 
Trinity Place, New York, N. Y. l | Ё 


LA ROCHE, FRED. A. Senior Member of F. A. La Roche 
& Co., 652-660 Hudson Street; J A Sept. I9, 
residence, 28 W. 25th St., New | M Nov. 20, 
. York. 


Lattic, J. W. Electrical Engineer, residence, 335 (A June, 8 
| West Broad St., Bethlehem, Ea. | (M; July | 12, 
(17) 


1888 
1890 


1894 
1894 


1892 
1894 


1897 
1898 


1889 
1890 


1895 
1896 


1887 
1887 


1891 
1894 


1884 
1884 


1884 
1894 


1892 
1893 


1887 
1887 


1887 
1888 


1858 
1888 


1888 
1888 


1894 
1395 


1887 
1887 


166 MEMBERS 


(17) 


Name. Address. . Date of Membership. 
LEgMP, HERMANN, JR. Electrician, 186 Allen Avenue, ( A April 2, 1889 
Lynn, Mass. M Feb. 21, 1893 
LEONARD, H. WARD Electrical Engineer, Pres't. Ward ( 
[Life Member | Leonard Electric Co., Bronxville, JA] July 12, 1887 
N. Y.; residence, Lawrence Park, Sept. 6, 1887 
| N. Y. L 
LESLIE, EDWARD ANDREW Vice-President and Manager, Man- 
hattan Electric Light Co., Ltd., А 16, 1895 
New York City; келе 343 M Feb. 17, 1897 
Hancock St., Brooklyn, N 
LEVIS, MINFORD Superintendent and Electrical Bagi LT. XR 
eer, Novelty Electric корлау ils 
North 4th St., кыры Pa. 3, 1997 
LIEB, JOHN W., JR. (Manager.) General Mgr., Edison Sep ‚ 188 
Electric Ill. Co.; Residence, 166 v Er 
West 97th St., New York Ci ity. 7 
LioHTHIPE, JAMES A. District Engineer, General Electric 
Co., Claus Spreckels Bldg., San pum из, 1894 
Francisco, Cal. pri! 17, 1995 
LINCOLN, PAuL M, HO Supt. Niagara Falls Power P Sept. 25, 1895 
., Niagara Falls, N. Y. M June 24, 1898 
LLOYD, HERBERT бен General Manager, Elec- f 
trical Engineer and Chemist, The j A June 20, 1894 
Electric Storage Battery Со., | M May 21, 1895 
Drexel Bldg., Philadelphia, Pa. zi 
Lioyp, JOHN E. Chief Engineer and Acting General | i 
Manager Cape Town Tramways, ГАТ Јап. 22, 1896 
49 Sir Lowry Road, Cape Town, | M Mar. 25, 1896 
. Africa. L 
LLoyD, RoBERT MCA. Electrician, 22 Broad St.; resi- Oct, ‚18 
dence, І West 39th St, New : вс 
York City. Nov. 15, 1893 
Lockwoop, Tuomas D., Electrical Engineer, and о 
(Life Member.) Electrician, P. O. Drawer M ven 15, P 
Boston, Mass. e мна 
Loomis, OSBORN Р. Electrical Engineer, Newport News 
Shipbuilding and Dry Dock Co, A UM ж ase 
Newport News, Va. E ix Poe 
LORRAIN, JAMES GRIEVE Norfolk House, Norfolk St., Lon- j А May 16, 1891 
don, W. C., England. M May 15, 1894 
Lovejoy, J. R. General Manager, Supply Dept., 
General Electric Co., Schenec- " АЧЫ 21, 91 
tady, N. Y. Coe ALIOJ 
MACFARLANE, ALEXANDER, D. 5с, LL.D. (Manager.) ( 
Leciurer on Mathematical Physics | A Jan. 19, 1892 
Lehigh University, South Bethle- | M May 17, 1892 
hem. Pa. L 
MaiLLOUx, C. О. (FVice- President.) Consulting Elec- f 
trical Engineer, I50 Nassau St., Y A April 15, 1884 
'Telephone 3985 Cortlandt, New | M Oct. 21, 1884 
York City. \ 
MANSFIELD, ARTHUR NEWHALL Assistant Electrician, Ameri- 
can Telephone and Telegraph Co., ү pecs: 29, 1893 
22 lhames St., New, York City. June 20, 1894 


Name. 


MaRKS, Louis B., M. М. E. 


MARKS, WILLIAM Dennis, 4.8. C. E. 


MARSHALL, J. T. 


MARTIN, JULIUS 


MARVIN, HARRY N. 


MAVER, WILLIAM, JR. 


MAYER, GEORGE M. 
MAYNARD, GEO. C. 


McCay, H. KENT 


McCLUER, C. E. 


McCrosky, JAMES W. 


McCrossan, J. А. 


MCMEEN, SAMUEL G. 


MERSHON, RALPH D. 
MILLIS, JOHN 


MITCHELL, JAMES 


Mix, EpcAR W. 
MOLERA, E. J. 
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MEMBERS 167 
Address. Date of Membership. 
President, Marks Enclosed ( 
Arc Light Co., 689 Broadway ; | А May 20, 1890 
residence, 51 East 67th St., New | M Jan. 16, 1895 
York City. 
President, The 
American Electric Meter Co., oth 
and Montgomery Ave.; President, M ы А Tes 
General Electric Automobile Co., | ' Ye A 
Bourse Bldg., Philadelphia, Pa. ( 
Metuchen, N. J. ET Oct. т, 1889 
M Nov. 12, 1889 
Electrical Engineer, 16 Oak St. 
Newark, N. J., Master Elec- J A Oct. 21, 1890 
trician, Equipment Dept.. New | M Nov. 20, 1895 
York Navy Yard. L 
Electrical Engineer and Manager, : 
Marvin Electric Drill Co., Canas- J А АРІ! 19, 1892 
tas N. Y M Jan. 17, 1893 
Electrical Expert and Consulting [ 
Electrical Eng'r, 120 Liberty St., | A July 12, 1887 
New York City; residence, 227 | M April 21, 1891 
Arlington Ave. Jersey City, N. J. 
Enterprise Block, sth Floor, 79 { A Dec. 16, 1890 
Fifth Ave., Chicago, Ill. M June 29, 1894 
Smithsonian Institution, Washing- ( A April r5, 1884 
ton, D. C. 1M Dec. 9, 1888 
Electrical Engineer and Contractor, ; 
Io6 E. German St., Baltimore, М Pris 16, 1890 
Md. ay 19, 1891 
General Manager, Richmond Tele- 
phone Co., Times Building, + ped a 1595 
Richmond, Va. EE ci 
Chief Engineer, La Capital Tramway 
Co. and Compaina de Luz y Fuerza | A Dec. 20, 1893 
Motriz de Cordoba, Reconquista | M Dec. 16, 1896 
20, Buenos Aires, Árgentina. 
Manager and Electrician, Citizens' 
Telephone and Electric Co., Rat \А Oct e 1593 
Portage, Ont. l ‚19, 199$ 
Engineer, Central Union Telephone 
е Nea A Dec. 18, 1895 
ne 1306 Ashland book Chicago M Dec. 16, 1896 
Westinghouse Electric and Mfg. ( A Mar. 20, 1895 
Co., 120 Broadway, N. Y. City. | M Jan. 22, 1896 
Captain of Engineers U. S. А., {А July 7, 1884 
Willets Point, New York Harbor. ( M Mar. 3, 1885 
Constructing Engineer and Agent, 
Genera] Electric Co., Caixa do | A Sept. 25, 1895 
Correio No. 954, Rio de Janeiro, | M Mar. 25, 1896 
Brazil. 
Electrical Engineer, r2 Boulevard ( A Sept. 3, 1889 
des Invalides, Paris, France. M Mar. 20, 1895 
Civil and Electrical Engineer, 606 ( A 16, 1892 
Clay St., San Francisco, Cal, M june (27, 1892 


768 MEMBERS 


Name. Address. Date of Membership. 


Мооке, D. McFARLAN Inventor, Moore Electrical Co., 52 {А Dec. 20, 
Lawrence St., Newark, N. J. {М June 20, 


Morrow, Jonn THOMAS Supt. Electrolytic Plant, Boston and | 
Montana Consolidated Copper and | A Dec. 21, 
Silver Mining Co., Great Falls, | M April 18, 
Mont. \ : 


NEILER, SAMUEL С. Consulting Electrical and Mechan- ( 
ical Engineer, Member of the | 
Firm of Pierce & Richardson, Con- J A April 18, 


1405-12 Manhattan Building, 


1893 
1894 


1892 
1894 


1894 


sulting and Designing Engineers, B Dec. 18, 1895 


Chicago, Ill. 
NicHoLs, DR. Eowarb L. Professor of Physics, Cornell f А Oct. 4, 


University, Ithaca, N. Y. (M Dec. 6, 

NIcHOLS, GEO Р. Partner, Geo. P. Nichols & Bro., 

Elec. Engineers and Contractors, ) A Jan. 22, 
1036 Monadnock Bldg., Chicago, | M Nov. 18, 
Ш. 

NICHOLSON, WALTER W.' General Supt. Central №. Y. Tele A aed 
phone and Telegraph Co., Tele- MM y P 
phone Building, Syracuse, N. Y. ayes 

NOLL, AUGUSTUS Contracting Electrical Engineer, 8 (4 Sent. 25 
East 17th St., Telephone, 62, уһ 4 s. 
18th; New York City. prises 

Nunn, PauL N. Consulting Engineer, San Miguel ; 
Cons. Gold Mining Co., Telluride, | ` 209 a 
Colo. | 0:29; 

O'CONNELL, }озЕРН J, Telephone Engineer, Chicago Tele- ( A Oct 
phone Co., Residence, 76 Eugene - M Nc . aS 
St., Chicago, Ill. | M Nov. 20, 

O'Dea, MICHAEL Torrey Professor of Applied Electricity, ( 4 8 
University of Notre Dame, Notre M M : 
Dame, Ind. аг 25, 

OuniN, MAURICE А. Electrical Engineer, General Electric ( A June 20, 
Co., Schenectady, N. Y. { M Nov. 20, 

Owens, RosERT BOWIE (Jee-P'resident.) McDonald  Pro- [А ] 
fessor of Electrical Engineering, M Dec. 17], 
McGill University, Montreal, Р.О). ес. 15, 

Paine, Е. B. Н. Westinghouse Electric and Mfg. 

Co. 47 W. 43rd Street, New ^ NEC 16, 
York, N. Y. ov. 25, 

PAINE, SIDNEY D. General Electric Co., 180 Summer fA June 8, 

st., Boston, Mass. M Nov. 1, 


PARKER, LEE HAMILTON The Buenos Aires and Belgrano) 4 A 
Electric Tramways Co., Calle M Die 2: 
Santa Fé No, 2457, Buenos Aires. Elen 

PARKS, C. WELLMAN Civil Engineer, U. S. N., у ре) А July 12 


of Yards and Docks, Navy De- M May т, 


partment, Washington, D. C. 
PARSHALL, HORACE FieLb Consulting Engineer, 83 Cannon {А Sept. 7, 

st., London, Eng. M Mar. 18, 
PATTISON, FRANK A. Firm of Pattison Bros, Consulting f 


and Constructing Electrical En- } A Sept. 22, 
gineers, 141 Broadway, New pA Dec. 16, 


York City. 
PEARSON, F. 5. Enzineer, Room 841, 621 Broad- ( A Oct. 25, 
way, New York City. M. Feb. 21, 


(19) 


1887 
1887 


1896 
1896 


1894 
1897 


1892 
1893 


1895 
1895 


1894 
1895 


1887 
1896 


1894 
1895 


1890 
1897 


1890 
1891 


1887 
1887 


1895 
1896 
1887 
1888 


1888 
1890 


1891 
1891 


1892 
1893 


Name. 


PEDERSEN, FREDERICK MALLING Office Engineer, Crocker- ( 


PEROT, L. KNOWLES 


PERRINE, FREDERIC A. C., D. Sr. (Manager.) Professor of f 


PICKERNELL, F. A. 


PIERCE, RICHARD H. 


Pike, CLAYTON W., B.S. Electrical TAE A Falkenau En- 


PORTER, JOSEPH F. 


POTTER, WM. BANCROFT, Engineer Railway Dept., General 


PRATT, ROBERT J. 


PurFFER, WM. L. 


RAE, FRANK B. 


REBER, SAMUEL 


RECKENZAUN, FREDERICK, Electrical Engineer, 44 Pine St., 


REDMAN, GEO. A. 


REID, THORBURN 


Кит, HENRY С. 


RICE, CALVIN WINSOR 


Rice, E. WILBUR, JR. 


RICHARDSON, RoBERT E. Electrical Engineer, Pierce < Rich- 


(19) 


, MEMBERS 709 

A ddress. Date of Membership. 
Wheeler Electric Co., 39 Cortlandt J A Sept. 20, 1893 
St; residence, 39 Washington | M June 24, 1898 
Square, New York City. [ 

President of The Schuylkill 
Valley Illuminating Co., Pho- DS к o 
nixville, Pa. Eus dre US 
Electrical Egineering, У Sept. 16, 1890 
Stanford, Jr., University, Pale | M Dec. 16, 189o 
Alto, Cal. Я 

(Manager.) Chief Engineer, Amer. 

Tel. & Tel. Co., 22 Thames St., Feb. 7, 1890 
New York City. MIR tS) rege 

Pierce & Richardson, Electrical En- E 
gineers, I409 and 1410 Manhattan j A April 18, 1893 
Bldg., Chicago; residence. s434 | M Dec. 20, 1893 
Monroe Ave. , Hyde Park, Ill. 

A Dec. 16, 1891 
gineering Co., 711 Reading Ter- , 
minal, Philadelphia, Pa. к Oct. 25, 1892 
Manager, Alton Railway and П- {А S 6, 1887 
luminating Co.. Alton, 111. { М Nov. 1, 1887 
A J 22, 1896 
Electric Co., Schenectady, №. Y. { M Mar. 25, 1896 
Rensselaer, N. Y. UN July 12, 1887 
M Sept. 6, 1887 
(.Manager.) Assistant Professor of f 
Electrical Engineering. Mass. Ins- | A Dec. 20, 1893 
titute of Technology, Boston; | M April 17, 1895 
residence, West Newton, Mass. 

Electrical Engineer, 804 Fort А 
Dearborn Bldg., 134 Monroe St., A April 15, 1884 
Chicago, Il | M Oct. 25, 1892 

Lieut. Col. Signal Corps, U. S. 

c/o. Chief Signal Officer, Wash- | А Sept. 20, 1893 
ington, D. C. 1м Јап. 22, 1896 

п ( A Mar. 6, 1888 
New York City. { М June 5, 1888 

General Supt., Electric Dept.. Brush 
Elec. Light Co. and Rochester Gas | M З x T 
and Elec. Co., Rochester, N. Y гл. 

Consulting Electrical Engineer, 120 (A Oct. 21, 1890 
Liberty St., New York City. ( M June 24, 1898 

Designing Engineer, General Elec- 
tric Co., 5 South Church St., Ei i Hoo 
Schenectady, N. Y. luci o E 

Electrician, Kings County Electric ( 

Light and Power Co., Brooklyn. | А 8 
Electrician, Consolidated Tele-- M Vade 28, Se 
graph and Electrical Subway Co., pr 0997 
59 Wall St., New York City. 

Technical Director, The General ( A Dec. 6, 1887 
Electric Co., Schenectady, N. Y. M Jan. 3, 1858 
ardson, 1409 Manhattan Building; ae Sept. I9, 1894 
residence, 3910 Calumet Ave, ) M May 18, 1897 


Chicago, Ill. 
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Name. Address. Date of Membership. 


х Halske Electric Co., and Elec- | A Nov. 21, 
tric Storage Battery Co., 598 l'ar- | M Nov. 23, 
rot Вар. San Francisco, Cal. 


L 
Rigs, ELias E. Electrical Engineer and Inventor. [A 


RIDLEY, А. E. BROOKE Electrical Engineer, Agent, Ec | 


1242 New York Life Insurance | A July 12, 
Bldg. ; residence, 4 W. 115th St., | M Sept. 6, 
New York City. 
RIKER, ANDREW L. Electrical Engineer, The Riker Elec- ( A Nov. I 
(Life Member.] tric Motor Co., 45 York St., Krook-+ M Dec. 18 
lyn; residence, Stamford, Conn. l nes , 
RoBB, RUSSELL With Stone & Webster, 4 P. O. ( A Oct. 18, 
Square, Boston, Mass. M May 21, 
Ross, WM. LisPENARD Professor of Physics, Trinity Col- ( A Dec. 16, 
lege, Hartford, Conn. 1 M Mar. 15, 
RoBEnTS, E. P. E. P. Roberts & Co., Electrical and 


Mechanical Engineers, Brainard j A Jan. 6, 
Block, Telephone 2656, Cleveland, | M Feb. 3, 


ROUQUETTE, WILLIAM F. B. Proprietor, Rouquette & Co., ( A Mar. 21, 
M Dec. 19, 


A Oct. 4, 


[Life Member.] 47 Dey St., New York City. 
RYAN, Harris, J. Professor of Electrical ee 


O. 
RopGERS, HowARD S. Electrical. Engineer, care General A Жара 
Electric Co., 420 W. 4th Street, M M j $ 
Cincinnati, О. y oe 
ROHRER, ALBERT L. Electrical Engineer, with General (A Nov. 1, 
Electric Co., Schenectady, М. Y. (M May т, 
ROLLER, JOHN E. Lieut. U. S. N., in charge of Inspec- 
tion and Installation, U. S. Navy } A Sept. 19, 
Yard, New York; residence, | M May 19, 
Cranford, N. J. 
Rosa, EDWARD B. Professor of Physics, Wesleyan Uni- { А Feb. 17, 
versity, Middletown, Conn. M May 18, 
Ross, NOKMAN N. Electrical Engineer, The Royal A Sept. 20, 
Electric Co., Montreal, Can. M Nov. 21, 
Ross, ROBERT А. Mechanical and Electrical Consul- А 
ting Engineer, 17 St. John St., MC SEDE 2 
Montreal, P. Q. P , 
( 
-l 


Cornell University, Ithaca, N. Y April 17, 


SACHS, JOSEPH Electrical Engineer, The Johns- 
Pratt Company; residence, 220 
Collins St., Hartford Conn. 


M 

A Mar. I5, 

M 
SALOMONS, Str Davip LIONEL, Bart. AL, A., Engineer = 


Dec. 15, 


[Life Member] Barrister, Broomhill, Tunbridge 
Wells, Kent, and 49 Grosvenor 
St., London, W. England. 
SAMPSON, F. D. Manager, Charlotte Electric Light 
and Power Co., Charlotte, N. C. 
SANDS, H. 5. Consulting and Constructing Electri- 
cal Engineer, 1153 Market St., 
Wheeling, W. Va. 


SARGENT, WILLIAM D. General Manager, N. Y. & N. J. 
Tel. Co., St Willoughby Sta 


A Fcb. 7, 
M May 1, 


A Aug. 5, 
M Oct. 27, 


(А Feb. 21, 
M Nov. 21. 


Brooklyn. N. Y. 


A 
M 
SCHEFFLER, FRED. A. General Factory Manager, Sprague 
Electric Co., Bloomfield, N. J.; MAY 16 
residence, Passaic, N Ja | 
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1894 
1898 


1887 
1887 


1887 
1895 


1893 
1895 
1891 
1892 


1885 
1885 


1892 
1893 


1887 
1888 


1894 
1896 


1897 
1897 


1893 
1894 
1892 
1893 


1894 
1894 
1887 
1895 


1892 
1897 


1888 
1888 


1896 | 
1897 


1893 
1894 


1884 
1894 


1893 
1896 


MEMBERS 771 
Name. Address. Date of Membership. 
ScHMID, ALBERT Superintendent, Westinghouse Elec- | A Oct. 21, 189o 
tric and Mfy. Co.. Pittsburg, Pa. ( M April 17, 1895 
SCHOEN, А. M. Electrician, South Eastern Tariff 
Association, Norcross Building, К кте e 1893 
Atlanta, Ga. - 16, 1896 
Scott, CHARLES Е. Chief Electrician, Westinghouse : 
Electric and Mfg. Co., Pittsburg, т April 19, 1892 
Pa. Jan. 17, 1893 
ScOTT, JAMES B. Consulting Electrical, and Mechani- 
cal Engineer, 227 East German] A Aug. 5, 1896 
St.; residence, 847 Ducatel St,, | M May 17, 1898 
Baltimore Md. L 
SEVER, GEORGE F. (Manager.) Instructor in Electrical 
Engineering, Columbia University, м ]ап. ча 1894 
New York City. ay 19, 1896 
SuAw, EDWIN C, Mechanical Engineer, The B. F. (A May 17, 1892 
Goodrich Co., Akron, O. M Feb. 27, 1895 
SHEA, DANIEL W. Professor of Physics, Catholic Uni- 
versity of. America, Washington, + Dec. 20, 1893 
D. C. June 20, 1894 
SHELDON, SAMUEL, A. M., PA.D. (Manager.) Professor of 
Physics and Electrical Engineer- } A Dec. 16, 1890 
ing, Polytechnic Institute, 1984 | M Oct. 27, 1891 
Schermerhorn St., Brooklyn, N. Y. 
SHEPARDSON, GEORGE D. Professor of Electrical Engineering, : 
University of. Minnesota, Minne- т April oe rS 
apolis, Minn. Jan. 22, 1896 
SINCLAIR, H. A. Electrical Engineer, The "Tucker 
Electric Co., 950 Bedford Ave., c x T 
Brooklyn, N. Y. cb. 26, 1896 
SMITH, FRANK STUART Supt. Lamp Factory, Sawyer-Man | A Sept. 27, 1892 
Electric Co., Pittsburg, Pa. ( M April 18, 1893 
SMITH, JEssE M. Expert in Patent Causes, Consulting f 
Electrical and Mechanical Engi- А April 15, 1884 
neer, 36 Moffat Block, Detroit, 4 M June 26, 1891 
Mich., and 218 Broadway, New 
York City. 
SMITH, T. CARPENTER Mechanical and Electrical Engineer, 
, we А х А Oct, 27, 1891 
А Drexel Building, Philadelphia, jh Dec. 16, 1891 
SPAULDING, HoLLoN C. Electrical Dep't., H. W. Johns Mfg. 
Co., Siemens & Halske Electric Lp fl ry 
Co., 77 Pearl St , Boston, Mass. June 20, 1894 
SPERRY, ELMER A. Electrical Engineer, Sperry Electric | 
Railway Co., Mason and Belden} A April 19, 1892 
Sts.; residence, 855 Case Ave., | M Feb. 21, 1893 
Cleveland, O. 
SPRAGUE, FRANK J. (Past- President.) Vice-Prest. Sprague ( 
Electric Elevator Co.. Postal Tele] A May 24, 1887 
graph Bldg., 22 Broad St.,and 182 | M Feb. 17, 1897 
West End Ave., New York City. \ 
STANLEY, WILLIAM ( Vice-President.) Electrical Engineer ( A Dec. 6, 1887 
and Inventor, Pittsheld, Mass. ( M Oct. 26, 1898 
STEARNS, CHARLES К. Е. E. 60;State Street, and 85 Westland ( A Aug. 6, 1889 
Avenue, Boston, Mass. ( M May 16, 1893 
STEARNS, JOEL W., JR. Treasurer, Mountain Electric Co., f A June 20, 1894 
Box 1545, Denver, Col. {М Nov./20, 1895 


(19) 
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Name. A ddress. Date of Membership. 
STEBBINS, THEODORE Engineer of Committee on Local 
Companies, General Electric Co., s Тш 2: 15:9 
Schenectady, N. Y. RE ATs T299 
STEINMETZ, CHARLES P.  (.Vanarer.) Electrician, General ( A Mar. 18, 1890 
Electric Co., Schenectady, N. Y. | M April 21, 1891 
STEPHENS, GEORGE General Supt., Canadian General { А June 20, 1894 
Electric Co., Ltd.,Peterboro, Ont. | M Dec. 18, 1895 
STIERINGER, LUTHER ; Electrical Expert, Beard Building, ( A June 8, 1887 
120 Liberty St., New York City. ( M Nov. 1, 1887 
STILLWELL, LEwis B. (Manager.) Electrical Director, ( 
Niagara Falls Power Company, | A April 19, 1892 
and the Cataract Construction | M Nov. 15, 1892 
Co., Niagara Falls, N. Y. 
STOTT, НЕхкү С. Electrical Engineer, Buffalo Gen' d A Sept. 25, 1895 
Electric Co., Buffalo, N. Y. M April 22, 1896 
T AINTOR, GILES Sup't. Right of Way, and Statistical f 
Department, New England Tele- ! A June 26, 189r 
phone and Telegraph Co., 125 | M Dec. 16, 1891 
Milk St., Boston, Mass. L 
TALTAVALL, Tros. R. Associate Editor, Aectrical World, 
and Electrical Engineer 9g Mur- ja а zo eps 
ray St., New York City. et o2 A 1991 
TERRY, CHARLES A. Lawyer, Westinghouse Electric and 
Mfg. Co., 120 Broadway, New A adm 5, iar 
York City. ay 17, 1997 
THEBERATH, THEODORE Е. Pacific Coast Engineer, Stanley 
Electric M'f'g Co , зоо California + a 2 des 
Street, ^an Francisco, Cal. A eqs 80 
THOMAS, BENJAMIN F., Professor of Physics, Ohio State | A June 7, 1892 
University, Columbus, O. M Nov. 15, 1892 
THOMSON, PROF. ELIHU (Past President), Electrician, Gen- 
eral Electric, and Thomson Elec- | A April 15, 1884 
tric Welding Companies, Lynn, | M April 21, 1891 
Mass. L 
THOMPSON, EDWARD P. Consulting Electrician and Solicitor 
of Patents, 81 Fulton Street, ‚ҮА April 1s I5, e 
| New York City. 'd Dec T299 
THRESHER, ALFRED A. Electrical Engineer and Proprietor ( A April 22, 1896 
Thresher Eleetric Co., Dayton, O. | M June 24, 1898 
THURNAUER, ERNST Manager, Thomson-Houston In- 
ternational Elec. Co., 27 Rue de n с E Ee 
Londres, Paris, France. | бє; ‚ 1997 
TiscHENDOERFER, Е. W. Electrical Engineer, Schückert $ (A April I9, 1892 
Co., Nuremberg, Germany. ( M Nov. 21, 1894 
TRAFFORD, EDWARD W. Electrical Engineer, Richmond Rail- 
way and Electric Co., Foot of 7th M тез, 21, 1894 
St., Richmond, Va. ес. 19, 1994 
TURNER, WILLIAM S. Consulting and Constructing Elec- f 
trical and Mechanical Engineer, | A Dec. 7, 1886 
Коот 1408, 141 Broadway, New | M Oct. 2, 1888 
York City. L 
UEBELACKER, Citas. F. The Peckham Motor ‘Truck and К 
Wheel Co., 262 Broadway, Kings- ES Feb. 7, 1890 
ton, N. Y. | M Nov. 15, 1893 
UHLENHAUT, FRITZ, JR. Whitestone, L. I. in May 7, 1889 
M Dec. 19, 1894 
UrroN, Francis К Edison Laboratory, Orange, N, J. ( А May 17, 1887 
M Mar. 15, 1892 
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Name. 


VAIL, J. H 


VANSIZE, WILLIAM B. 


VAN TRuMP, C. REGINALD Engineer and Manager, Wilming- 


WADDELL, MONTGOMERY Consulting Engineer, 22 


WAIT, HENRY H. 
WALDO, Dr. LEONARD 


WALKER, SYDNEY F. 
WARING, JOHN 


WARNER, ERNEST Р. 


WATERMAN, F. N. 
WEAVER, W. D. 


WEBB, lIERRERT Laws 


WEEKS, EDWIN К. 
WELLER, HARRY W. 


WESTON, EDWARD 


WETZLER, JOSEPH 


WHARTON, CHAS, J. 


WHEELER, SCHUYLER SKAATS., 


[Life Member.] 
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MEMBERS. 


Address. 


Engineer - in - Chief, Philadelphia f 
Manufacturing Light and Power | A June 8, 


Co., and Edison Electric Light4 M Nov. 1, 
Co.. loth and Sansom Sts., Phila- | 
delphia, Pa. 

Solicitor of Patents and Expert, 253 ; 
Broadway; residence, Hotel Gren} ү on x 
oble, New York City. ie end 
ton City Electric Co., Wilming- fa d 2: 
ton, Del. l , 


Trinity (A Feb. 7, 


Place, New York City. {М May 1, 


Assistant Electrical Engincer, West- 
ern Electric Co., 4919 Madison - 
Ave., Chicago. Ill. 


Electrical Engineer, Secretary, The 
Waldo Foundry, 57 Coleman St., 
Bridgeport, Conn. 


(A Sept. 20, 
i M June 20, 


(A June 5. 
d M Dec. 4, 


Electrical Engineer, 195 Severn (A June 2, 
Road, Cardiff. Wales. IM May I7, 


Ovid, N. Y. is Dec. 16, 
M April 17, 


A Sept. 20, 


tric Co.; residence, 402 Belden M June 20, 


Ave., Chicago, Ill. 
Electrical Engineer. Westinghouse 
Electric and Mfg. Co., 
way, New York City. 


Editor Electrical World, and Elec- (A Ma 
trical Engineer; residence 7 West - M Mas 
26th Street New York City, | у 


Electrical Engincer, Western D 


(A Feb. ar, 
120 Broad- ]" June 2o, 


17, 
I7, 


(Manager ) 18 Cortlandt St.; 


resi- 
: A Oct. 21, 
dence. 253 West 42d St., New M Dec. 16, 
York Citv. 
796 Wall St., Kansas City, Mo. iN Sept. 6, 
M Nov. I, 
Electrical Engineer, Room 206, (A Oct. 21, 
Equitable Building, Boston, Mass. ( M Nov. 24, 
(Past President.) Vice-President. f 
Weston Electrical Instrument } A April rs, 
Co, 120 William St., and 645 | M Oct. 2r, 
High St.. Newark, №. J. 
President, The Electrical Engi- f 
neer Institute of Correspondence ! A April 15, 
Instruction, 120 Liberty St., New } M Dec. 9, 
York City. L 
Palace Chambers, Westminster, ne Jan. 3, 
London, Eng, | M May 1, 
Sc. D. President, Crocker- ( 
Wheeler Electric Co., 39 Cortlandt | 
St., М. Y., and Ampere, N. J. VEA = 
residence, 4 West 33d St., SET p ; 


York City. 
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Date of Membership. 


1887 
1887 


1884 
1884 


1§86 
1894 


1888 
1888 


1893 
1894 


1888 
1888 


1885 
1887 
1890 

1895 


1893 
1894 


1893 
1894 


1887 
1857 


1890 
1890 


1887 
1887 


I890 
1891 


1884 
1884 


1884 
1884 


1888 
1888 


1885 
1885 


TA MEMBERS. 


Name. Address. Date of Membership. 


WHITE, WILL F. Electrical Engineer, tst Vice- Presi- f 
dent and General Manager, New | A Feb. 
Omaha T.-H. Electric Light Co., | M July 
309 So. 13th St., Omaha, Neb. (| 


WHITE-FRASER, GEO. Mem. Can. Soc. C. E.; 18 Imperial § A Sept. 
Loan Building, Toronto, Ont. { М Dec. 


WIENER, ALFRED Е. Chief Instructor, ‘The Electrical En- f 
gineer Institute of Correspondence ! A Мау 
Instruction, 120 Liberty Street, | M May 
New York. 


WILcox, NoRMAN T. Sup't Chattanooga Light and кы А Мау 
Co., Chattanooga, Tenn. M Jan. 


WILKES, GILBERT Consulting Electrical Engineer, A Jan 
1112 Union ‘Trust Building, к 
Detroit, Mich. 


WILLYOUNG, ELMER G. E. G. Willyoung & Co., Scientific A Nov 
Instruments and Apparatus, 938) M Dec 
Market St., Philadelphia. і 


WILSON, CHARLES Н. General Manager. Southern Bell A Nov 
Telephone Co., 26 Cortlandt St.. M Feb. 
New York City. | 
WILSON, FREMONT Electrician, 66 Maiden Lane, (Tele- ( X Mar 
phone, 1651 Cortlandt) New York M June 
| City: residence. Yonkers, N. Y. і 
WILSON, HARRY C. Supt. of P. O. Telegraph with the (А jan 
Government, Kingston, Jamaica, M June 
West Indies. | 


of Electric Systems, South Nor- 


WINCHESTER, A. E. Consulting Engineer and Designer 
walk, Conn. 


82 & 83 Schmidt Building, 339 
Fifth Ave., Pittsburgh, Pa. 
WorcorT, l'owNSEND Electrician, 455 Bowling Green ( A Mar 


Building, New YorkCity. Residence 
329 Clinton St.. Brooklyn, №. Y. \ M Dec. 


WOLVERTON, B. C. Electrician, №. Y. & Pa. Telephone {А Mar. 
and Telegraph Co., Elmira, N. Y. 


WiNsLOW, GEORGE HERBERT  Consuiting Flectrical imi 339 


WORDINGHAM, CHAS. Н. City Electrical Engineer. The Man- 
chester Corporation Electric Light j A July 
Station, Dickinson Street, Man- | M Oct, 
chester, England. 


WRIGHT, PETER President. Virginia Electric Com- (A May 
pany, Norfolk, Va. 1M Jan. 


WURTS, ALEXANDER JAY Westinghouse Electric X Mfg. Co., \ A April 19, 


Pittsburg, Pa. M Nov. 


Youuc, C. GRIFFITH Electrical Engineer, T. G. White (A 
х Co., 706 Equitable Building.. 24 Ja: 


Baltimore, Md. 


Members, - - - 363. 
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М Маг. 


7. 
27, 


22, 
18, 


16, 
15, 


21, 
22, 


7, 
18, 


. 24, 


20, 


27, 
26, 


16, 
16, 


I5, 
3. 


1м April 21, 


1890 
1898 


г891 
1895 


1893 
1894 


1895 
1896 


1890 
1890 


1891 
1893 


1891 
(893 


1888 


. 1888 


1891 
1892 


1887 
1887 


1895 
1896 


1888 
1890 


1890 
1895 


1898 
1898 


1889 
1895 


1892 
1892 


1889 
1891 


Name. 
ABBE, CLEVELAND 


ABBOTT, HENRY 


ABELLA, JUAN 


ADAE, CHAS. FLAMEN 


ADAMS, COMFORT A., JR. 


ADAMS, ERNEST K. 


ADAMS, FRANK PIERCE 


ADAMS, Jur1Us Le Roy 


ADAMSON, DANIEL 
AGNEW, CORNELIUS R. 
ALBANESE, G. SACCO 


ALBERT, HENRY 


ALDEN, JAMES S. 


ALDRICH, WILLIAM S. 


ALEXANDER, HARRY 


ALLAN, JOHN 


ALLEN, WyaTT Н. 


ASSOCIATE MEMBERS 


ASSOCIATE MEMBERS. 
Address. 
Professor of Meteorology. The 


Weather Bureau, residence 2017 I 
St., N. W. Washington, D. С. 


President, Calculagraph Co., 2 Maiden 
Lane, N. Y.; residence, 32 So. 
Clinton St., East Orange, N. J. 


Director General of Public Lighting, 
Buenos Aires; residence, 691 Calle 
Bolivar, Buenos Aires, Argentine 
Republic. 


67 Madison Ave., P. O. Box, 2809; 
New York City 


Assistant Professor of Electrical Engi- 
neering, Harvard University, 13 
Farrar St., Cambridge, Mass. 


Graduate Student, Columbia Univers- 
ity ; residence, 455 Madison Ave., 
New York City. 


Electrician, Stockton Gas & Electric 
Co., residence, 171 N. El. Dorado, 
St., Stockton, Cal. 


Chief Engineer, Hartford, Manchester 
& Rockville Tramway Co., Man- 
chester, Conn. 


Manager Joseph Adamson & Co., 
уде, Cheshire, England. 


Electrical Engineer, 7 Nassau St., 
23 West 39th St., New York City. 


Electrical Engineer, Tramways Elec- 
triques de Nice, Nice, France. 


Electrical Engineer, 8:5 Main St., 
Jacksonville, Fla. 


Assistant Manager, with L. H. Alden, 
486 River Drive, Passaic, N. J. 


Professor of Mechanical Engineering 
West Virginia University, P. O. 
Box 286, Morgantown, W. Va. 


Electrical Engineer, General Manager 
and Vice Prest. Alexander-Chamber- 
lain Electric Co., 25 West 33rd St., 
and 18 and 20 М. 34th St.. Tele- 
phone 3767-38th, New York City. 


Full Partner, H. H. Kingsbury & Co., 
54 Margaret St., Sydney, №. 5. W. 


Care H. F. Allen, 202 California 
St., San Francisco, Cal. 


ALLEN, WALTER CUMMINGS, Electrical Engineer of the Govern- 
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ment of District of Columbia, Dis- 
trict Building, Washington, D. C, 
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Date of Election. 


Nov. 


Apr. 


Aug. 


July 


Feb. 


Feb. 
Feb. 


Mar. 


Sept. 


Feb. 


May 


Mar. 


23, 


28, 


5, 


. 16, 


17, 


27. 


15, 


15, 


26, 


21, 


20, 


21, 


I9. 


15, 


April 21, 


Dec. 28, 


Apr. 


27, 


June. 24, 


1888 


1897 


1896 


1896 


1899 


1899 


1896 


1894 


1893 


1893 


1891 


1892 


1891 


1898 


1898 


1898 
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Name. 
ANDERSON, HENRY S. 


ANDREWS, WILLIAM, C. 
ANTHONY, WATSON G. 
APPLEYARD, ARTHUR E. 


ARCHROLD, WM. K. 


ARCHER, GEO. F. 
ARMSTRONG, ALBERT Н. 


ASHLEY, FRANK M. 


ATKINS, HAROLD B. 


ATWOOD, GFORGE. Е. 


AUSTIN, SYDNEY B. 


AUERBACHER, Lovis J. 


BABCOCK, CLIFFORD D. 
BADEAU, ISAAC F. 


BALCOME, HERRFRT А. 


BALDWIN, ALFRED DEV. 


BALDWIN, JAS. C. T. 


BALL, WM. D. 


BALSLEY, ARE 


BANCROFT, CHAS. F. 


BANGS, CHAS. R. 
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ASSOCIATE MEMBERS 


Address. 


General Manager апі Electrician, 
United Electric Light Co.. Spring- 
field. Mass. 


Electrical Engineer, Hotel Margaret, 
Brooklyn, N. Y. ` 


Electrician, 324% Webster St., New- 
ark, N 


Manager and Engineer, Natick Gas 
and Electric Co., Natick, Mass. 


Westinghouse Electric and Mfg. Co. 
120 Broadway, New York City. 


Electrical Engineer, 31 Burling Slip, 
New York City. 


Electrical Engineer, General Electric 
Co., Schenectady, N. Y. 


Master Mechanic. a Engineering 
Co., 95 Liberty St., New York. 


Draughtsman, Electrical Vehicle Com- 
pany, 1684 Broadway, New York 
City ; residence, Roselle, N. J. 


The Atwood Power and Speed Gage 
Company. 05 Liberty St., New York 
City ; residence, 20 Hurlbut St., 
Orange, N. J. 


Hadaway Electric Heating and En- 
gineering Co , 107 Liberty Street ; 
residence, 110 E. 18th Street, New 
York. 


Electrica] Engineer, 39  Cortlandt 
St., New York City. 


[Address unknown. } 


General Electric Co.; residence, 815 
Locust Ave., Schenectady, N, Y. 


With The B. F. Sturtevant Co., 
Jamaica Plain Station, Mass. 


Selling Agent. Crocker-Wheeler Elec- 
tric Co , P. O. Box, 267 ; residence, 
206 W. 8t St., New York. 


Superintendent Bell Telephone Co., of 
Mo.; 10th and Olive Sts., St. Louis, 
Mo. 


Consulting Electrical Engineer, Nagle 
and Ball, New York Life Building, 
Chicago, Ill. 


Chief Electrician, Terre Haute Electric 
Railway Co , 514 No. Center Street. 
Terre Haute, Ind. 


Electrical Engineer, Lowell and Sub- 
urban Street Railway, Lowell, Mass. 


Special Agent, American Telephone 
and Telegraph Co., 15 Dey St., 
New York. 


Date of Election 


April 


Nov. 


Oct. 


Dec. 


Jan. 


24. 


. 2I, 


20, 


27. 


18, 


26, 


1895 
1895 
1891 
1896 
1894 


1894 


1898 


1894 


1897 


. 1890 


1895 


1893 
1894 


1896 


1897 


1897 


1895 


1895 


1897 


1895 


1898 


Name. 
BANKS, WILLIAM С. 


BARBOUR, FRED FISKE 


BARNES, CHAS. R. 


BARNES, EDWARD A. 


Barry, Davip 


BARTON, Enos M. 


BATES, FREDERICK C. 


BATES, PUTNAM A. 


BEAMES, CLARE F. 


BEATTIE, JOHN, JR. 


BECHTEL, ERNEST J. 


BEEBE, MURRAY. C. < 


BELL, ORA А. 


BELLMAN, JOHN JACOB 


BENNETT, EDWIN H., JR. 


BENNETT, JOHN C. 


ASSOCIATE MEMBERS 


Address. 


Electrician, Gordon-Burnham Battery 
Co., 594 Broadway, New York City. 


Manager, Power and Mining Depart- 
ment, Pacifc District, General 
Electric Co., Claus Spreckels Bldg., 
San Francisco, Cal., and 1673 Valdez 
St., Oakland, Cal. 


City Electrician and Electrical Expert 
to State R. R. Commission, Roch- 
ester, N. Y. 


Electrical Expert, Fort Wayne Elec- 
tric Co., Fort Wayne, Ind. 


Electrician and Superintendent, Am- 
herst Gas Co., Amherst, Mass. 


President Western Electric Co., 227 
South Clinton St., Chicago, HI. 


Electrical Engineer, General Electric 
Co., 44 Broad st., New York City. 


Engincering Department, Crocker- 
Wheeler Electric Co., 39 Cortlandt 
St., New York City. 


Ingeniero, Mexican General Electric 
Co , Apartado 403, City of Mexico. 


Manager and Superintendent, The 
Beattie Battery, Zinc and Electric 
Co., Fall River, Mass. 


Superintendent Construction, Toledo 
Traction Co., Toledo, O. 


Instructor in Electrical Engineering, 
University of Wisconsin ; residence, 
271 Langdon St., Madison, Wis. 


Electrical Engineer, Western Electric 
Co., 22 Thames St., New York; 
residence. 921 St. Nicholas Ave., 
New York. 


Electrical! Engineer, Crocker- Wheeler 
Electric Co. ; 1515 Old Colony Build- 
ing, Chicago, Ill. 


Electrician and Engineer, Diehl & Co., 
Elizabethport, N. J., and 19 West 
33d St., Bayonne, N. J. 


Electrician, General Electric Co., 44 
Broad St. "New York City. 


BENOLIEL, SOL. D., В. S., E. E., A. M. Consulting Electrical En- 


BENTLEY, MERTON H. 


BERG, ERNST JULIUS 


(19) 


gineer, Adelphi College, Brooklyn, 
М.Ү. 


Chicago Telephone Co.; residence, 
221 Scoville Ave., Oak Park, Ill. 


Engineer, General Electric Co.; resi- 
dence, 243 Liberty St., Schenectady, 
N. Y. 


111 


Date of Election. 


May 


May 


Sept. 


18, 


16, 


. 13, 


. 20, 


S, 


12, 


20, 


20, 


- 24, 


5, 


28, 


20, 


18, 


21, 


18, 


I9, 


1897 


1893 


1897 


1893 


1896 
1887 


1891 


1897 


1895 


1887 


1897 


1898 


1896 


1898 


1894 


1890 


1896 


1893 


1894 


778 | ASSOCIATE MEMBERS 


Name. Address. 
BERG, ESKIL Electrical Engineer, Gen'l Electric 
| Co., Schenectady, ЇЧ. Y. 
BERGHOLTZ, HERMAN Secretary and Treasurer, Ithaca Street 
Railway Co., Ithaca, N. Y. 
BERLINER, EMILE Inventor, Columbia Road, between 


Fourteenth and Fifteenth  Sts., 
Washington, D. C. 


BERRESFORD, ARTHUR W., B. S., M. E. Vice-Pres't and Supt. 
Ітоп Clad Resistance Co., Westfield, 


N. J. 
BesT, A. T. Electrical Engineer, Florida East Coast 
Hotel System, St. Augustine, Fla. 
BETHELL, U. N. General Manager, The New York 
Telephone Co., 15 Dey St., New 
York City. 


BETTS, HoBART D., E. E., Room 517. 141 Broadway, New York, 


N. Y.;residence, Englewood, N. J. 
BIDDLE, JAMES G. Drexel Bldg., Philadelphia, Pa.; resi- 
dence, 264 Rittenhouse St., German- 
town, Pa. 
Biyur, JOSEPH, A. B., E. Е. Electrical Engineer, 20 Broad St,; 
[Life Member.) residence, 172 West 75th St., New 
York City. 
BLACK, CHAS. N. Westinghouse Electric and Mfg. Co., 
Land Title Building. Philadelphia, Pa. 
BLACK, Howarp D. With Blackall & Baldwin, 39 Cortlandt 


St.; house, 340 Manhattan Ave., 
New York, N. Y. 


BLACKALL, FREDERICK, S. Р. О. Box, 267; office, 39 Cortlandt 
St.; residence, 51 Manhattan Ave., 
New York. 


BLAKE, Henry W. Editor, Street Railway Journal, 26 
Cortlandt St., New York City. 


BLAKE, THEODORE W. Electrical Engineer, 410 Bleecker St., 
New York, N. Y. 


BLANCHARD, CHARLES M. Winterburn, l'a. 


BLAXTER, GEO. H. Vice-President and General Manager, 
Allegheny County Light Co., West- 
inghouse Building, Pittsburg, Pa. 


Briss, Wit.LIAM L., B. S., M. M. E. Electrical Engineer, 128 
Front St., New York City; residence, 
505 Throop Ave., Brooklyn, №. Y. 


BLiZARD, CHARLES Manager of New York Office. Electric 
Storage Battery Со.. 22 Broad St.; 
residence, 30 W. 25th St., New York 
City. 

BLUNT, WILLAM W. Engineer, Westinghouse Electric Co., 
Ltd., 32 Victoria St., London, Eng. 


BocuE, CHARLES J. Manufacturer and Dealer in Electrical 
Supplies, 206 Centre St., N.Y. City. 


Boum, Lupwic K., РА. 2., Consulting Electrical and Chemical 
Expert, 320 Broadway, №. Y: City. 


(21) 


Date of Election. 


Nov. 


April 
April 


May 


April 


Jan. 


Aug. 
Aug. 


May 


April 
Sept. 


Sept. 
Nov. 


Sept. 
Sept. 


Sept 


Mar. 


Nov. 


20, 


15, 


19, 


13, 


5, 
5, 


I5, 


19, 
19, 


15, 


i, 


21, 


21, 


16, 


3, 


15, 


1895 


1889 


1884 


1894 


1894 


1894 


1896 


1896 


1894 


1890 


1897 


1897 
1888 


1893 
1894 


1895 


1894 


1894 


1896 


188g 


1892 


ASSOCIATE MEMBERS 


Мате. Address. 

BoLAN, THOMAS V. Supervising and Constructing En- 
gineer, General Electric Co., 509 
Arch St.; residence, 869 N. 4ist 
St., Philadelphia, Pa. 

BovLEs, THOMAS D. Electrical Engineer, General Electric 
Со. ; residence, 58 Washington Ave., 
Schenectady. N. Y. 

BRACKETT, BYRON B. 408 A St., S. E., Washington, D. C. 

BRACKETT, PROF. Cyrus F. Princeton, N. J. 

BRADDELL, ALFRED E. Electrical Inspector, Underwriters’ 


Association, Middle Department, 
316 Walnut St., Philadelphia, Pa. 


BRADY, FRANK W., Af. E. Professor of Engineering and Physics, 
New Mexico College of Agriculture 
and Mechanic Arts, Mesilla Park, 
N. M. 


BRADY, PAuL T. Manager, Central N. Y. Agency, West- 
inghouse Electric and Mfg. Co., 
Syracuse, N. Y. 

BRAGG, CHARLES A. Manager Phila. Agency, Westing- 
house Electric and Mfg Co., 302 
Girard Building, Philadelphia, Pa. 


BraysHaw, I. Telegraph Inspector Great Southern 
Railway, City of Buenos Aires. 
BRixEY, W. R. Proprietor and Manufacturer, Day's 


Kerite Wire and Cables, 203 Broad- 
way, New York City. 

BROICH, JOSEPH Superintendent and Electrician, with 
F. Pearce, New York City; resi- 
dence, 1622 8th Ave. Brooklyn, N.Y. 

BROILI FRANK Electrical Engineer, California Elec. 
Works; residence, 328 Eddy 5t., 
San Francisco, Cal. 

BROPHY, WILLIAM Electrician to the Wire Department, 12 
Old Court House, Boston; residence, 
17 Egleston St., Jamaica Plain, Mass. 


BRowp, PauL К. Chief Engineer, The Russian Electric 
Company, '' Union " St. Petersburg, 
Russia. 

Brown, CHAS. L. Gen'l Manager and Sec'y, Chicago 


Mutoscope Co., 1309 Monadnock 
Block, Chicago, III. 


Brown, Носн THoMas Electrical Engineer, General Electric 
Co , Schenectady, N. Y. 


BuBert, J. Е. Supervising and Contracting Electrical 
Engineer, 402 Exchange Bidg., 
(Telephone 1379) Boston, Mass. 


Buck, HAROLD W. 107 Union St., Schenectady, N. Y. 


BUCKINGHAM, CHas. L. Patent Attorney, Western Union Tele- 
graph Co., 195 Broadway, P. O. 
Box 856, New York City. 


Bunce, l'HEODORE D. President, The Storage Battery Supply 
Co., 239 E. 27th St., New York City. 


BuRcEss, Cunas. FRED'K. Instructor in Electrical Engineering, 
University of Wisconsin, Madison, 
Wis. 
(21) 
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Date of Election. 


Aug. 5, 


Mar. 20, 
Nov. 30, 
April 15, 


Sept. I, 


June 20, 


July 12, 


Sept. 20, 


Aug. 5, 


Sept. 20, 


Jan. 17, 


Feb. 23, 


Mar. 5, 


Nov. 20, 


1896 


1895 
1897 
1889 


1890 


1894 


1887 


1893 
1896 


1893 


1894 


1898 


1889 


1899 


1895 


1898 


1892 
1895 


1884 


1890 


1896 


780 ASSOCIATE MEMBERS 


Name. Address, 
BURKE, JAMES Klopstack Strasse, 1s; Berlin, 
| Germany. 
Burnetr, DovcLass, B.S. Edison Illuminating Co., Inspection 
Dept., 55 Duane St., New York 
City; residence, 42 Livingston St., 
Brooklyn, N. Y. 


BURROUGHS, HARRISS. Commonwealth Electric Co., 667 Lin- 
coin Ave., Chicago, Ill. 


Ворт, BYRON T. Vice-President and General Manager, 
Charleston Edison Light and Power 
Co., Charleston, S. C. 


Burton, PAUL С. Switchboard Dep't. Western Elec- 
tric Co.; residence, 149 Lenox 
Ave, New York City. 


Burton, WILLIAM C. With White-Crosby Co., 29 Broadway, 
New York, N. Y. 


BurLER, WILLIAM C. President, The Puget Sound Reduction 
Co., Everett, Washington. 

Buvs, ALBERT Electrical Engineer, The Rahway 
Electric Light and Power Co., Rah- 
way, N. J. 

Byrxs, ROBERT А. Ohio Brass Company, 20 Broad Street, 


New York City. 


Carnot, FRANCIS ErLtorr Supt. of Inspection and Electrician, 
Boston Board of Fire Underwriters, 
55 Kilby Street; residence, East 
Milton, Mass. 


CABOT, JOHN ALFRED 124 W. 127th St., New York City. 


CALDWELL, EDWARD President Empire Advertising Co , 150 
Nassau St., New York City: resi- 
dence, 407 E. sth St., Plainfield, 
N. J. 


CALDWELL, FRANCIS C. Associate Professor of Electrical En- 
gineering, Ohio State University, 
Columbus, O. 


CANFIELD, MILTON C. Electrical Engineer, The Cleveland 
City Railwav Co.; residence, 18 
Clinton St., Cleveland, O. 


CANFIELD, MYRON E. Western Electric Co.; residence, 404 
W. 44th St. New York City. 
Caruccio, Marto Raimondo & Capuccio, Consulting 


Engineers and Patent Agents, Piazza 
Statuto 15, Turin, Italy. 


CARICHOFF, E. R. Electrical Engineer. Sprague Electric 
Co., Bloomheld, N. J. 
CARPENTER, CHAS. E. Vice-President, Carpenter Enamel 


Rheostat Co., Bronxville, N. Y. 


CARTER, FREDERICK WILLIAM Lecturer in Electrical. Tech- 
nology, City and Guilds of London 
Institute, Exhibition Road, London, 
S. W. 

CARTER, Henry W. Attorney and Expert in Patent Causes, 
Carter & Graves. Sto Reaper Biock, 
Chicago, Ill. 

(20) 


Date of Election. 


May 16, 1893 


Feb. 21, 1893 


Nov. 30. 1897 


Sept. 25, 1895 


Nov. 20, 1895 
Sept. 20, 1893 


Mar. 21, 1893 


Feb. 7, 189o 


Dec. 16. 1896 


April 17, 1895 
May 16, 1893 


Jan. 20, 1891 


June 20, 1894 


Feb. 21, 1893 


May 21, 1895 


Sept. 28. 1898 


Apr. 28, 1897 


ASSOCIATE MEMBERS 


Name. Address. 
CARTY, J. J. Engineer, New York Telephone Co., 
IS Dey St, New York Сиу; 
residence, Cranford, N. J. 


CASE, WILLARD E. 196 Genesee St., Auburn, №. Y. 

CASPER, Louis Electricial Engineer and Contractor, 
3122 Wabash Ave., Chicago, 11. 

CASSIDY, JOHN Superintendent Mutual Telephone Co., 


Honolulu, Hawaiian Islands, U.S.A. 


CHADBOURNE, HENRY R., JR. Electrical Engineer, 130 Bedford 
St., Boston, Mass. 


CHAPMAN, A. WRIGHT Electrical Engineer, 160 Hicks St., 
Brooklyn, N. Y. 


CHENEY, FREDERICK A. Maple Avenue, Elmira, N. Y. 


CHERMONT, ANTONIO LEITE Engineer, Firm of Chermont, Silva 
and Miranda, Box 252, Para, U. S. 


Brazil. 

CHESNEY, C. C. Electrician, Stanley Laboratory, Pitts- 
held, Mass. 

CHILDS, SUMNER W. c/o R. W. Pope, 26 Cortlandt St., 
New York, N. Y. 

CHILDS, WALTER H. Brattleboro, Vt. 


CLARK, CHAS. M., Е. E., Clark & MacMullen, 42 E. 23d St., 
residence, 831 Madison Ave., New 
York City. 

CLARK, LEROY, JR. Electrical Engineer of the Safety Insu- 
lated Wire and Cable Co., 229 West 
28th St., residence, 208 West 85th 
St., New York City. 


CLARK, WILLIAM J. General Manager, Railway Dept. Gen- 
eral Electric Co., 44 Broad Street, 
New York City. 


CLEMENT, EbwARD Е. Attorney-at-Law, McGill Building, 


Washington, D C. 
CLEMENT, LEwis M. 1013 I2th St., Oakland, Cal. 
CLouGH, ALBERT L. Box 114, Manchester, №. Н. 


CopMAN, JOHN STURGES, Consulting Engineer. Associated with 
К. S. Hale, 31 Milk St.; residence, 
57 Marlborough St., Boston, Mass. 


Copy, L. P. Manager and Engineer, Grand Rapids 
Electric Co., 9 South Division St., 
Grand Rapids, Mich. 

CoFFIN, CHAS. A. General Electric Co., 180 Summer 
St., Boston, Mass. 


COGSWELL, А. К. Electrician and Superintendent, Hali- 
fax Illuminating and Motor Co., 
Ltd., 34 Bishop St., Halifax, N.S. 

Соно, HERBERT B. Electrical Engineer, 143 Liberty St., 
New York City. 


COLEMAN, WALTER H. Supt. and Treasurer, Andover Elec- 
tric Co., Andover, Mass. 


Cores, EDMUND Р. Resident Engineer, Manáos Electric 
| Lighting Co., Manaos, U. S. Brazil. 
(24) 
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Date of Election, 


April 15, 


Feb. 
April 
Nov. 
May 


Mar. 


Sept. 


Oct! 


7, 


21, 


23, 


15, 


. 21, 


23, 


1890 
1888 


1891 
1898 


1894 
1896 
1889 
1890 
1894 


1894 
1883 


1896 


1894 


1896 


1897 
1891 
1894 


1899 


1896 


1887 


1891 
1894 
1898 


1895 


182 ASSOCIATE MEMBERS 


Name. Address. 

COLLETT, SAMUEL D. "Eastern. Manager, Elevator Supply 
and Repair Co., 136 Liberty St., 
New York City; residence, Van 
Pelt Manor, N. Y. 

COMPTON, ALFRED G. Professor of Applied Mathematics, 
College of the City of New York, 
17 Lexington Ave.; residence, 40 
W. 126th St, New York City. 

CooLIDGE, CHARLES А. Electrica] Engineer, Portland Ceneral 
Electric Co , 12 Selling-Hirsch Bldg. 
Portland, Ore. 


COPELAND, CLEMENT A. Acting Professor of Electrical Engin- 
eering, Stanford University, Cal. 


COREY, FRED BRAINARD Mechanical Engineer, The Stilwell- 
Bierce and Smith-Vaile Co., 1425 
N. Main St., Dayton O. 

CORNELL, JOHN B. Supt. of Construction, with Chas. L. 
Cornell, Hamilton, O. 

Corson, WILLIAM R. C. Superintendent, The Eddy Electric 
Mfg. Co., Windsor, Conn. 

Cory, CLARENCE L. Professor of Electrical Engineering, 
University of California, Berkeley, 
Cal. 

CosGROVE, JAMES FRANCIS Head of Locomotive Engineering 
Dept., International Correspondence 
School, 631 Madison Ave., Scranton 
Pa. 

CRAIN, JOHN JAY, 225 49th St., Newport News, Va. 

CRANDALL, CHESTER D. Assistant Treasurer, Western Elec- 
tric Co., 227 South Clinton St.; 
residence, 4558 Ellis Ave. Chi- 
cago, Ill. 

CRANE, W. F. D. Electrical and Mechanical Engineer, 
Electric Vehicle Co., New York City; 
residence, 24 Reynolds Terrace, 
Orange, N. J. 

CRAWFORD. DAVID Francis Asst to Supt. Motive Power, 
Penn'a Co., Fort Wayne, Ind. 

CRAWFORD, L. G. Sup't, Repair Dep't General Electric 
Co., Chicago, ПІ, 

CREAGHEAD, THOMAS J. President and General Manager, 
Creaghead Engineering Co., 802 
Plum St., Cincinnati, O. 

CREHORE, ALBERT C., Р/. 2. Assistant Professor of Physics, 
Dartmouth College, Hanover, N. H. 

CRIGGAL, JOHN E. Mechanician with the Weston Electrical 
Instrument Co. : Newark, №. J. 

CROCKER, EBEN CriNCH Electrical Engineer, American Ord- 


nance Co., 29 Harriet Street, 
Bridgeport, Conn. 
Crospy, Oscar T. White-Crosby Co., 1417 G Street, 
Washington, D. C. 
CROWELL, ROBINSON c/o Chas. H. Crowell; office, Laurel 
Hill Cemetery, San Francisco, Cal. 
CUMNER, ARTHUR В. 1805 Wallace St., Philadelphia, Pa. 
CUNNINGHAM, E. R. Sup't Fort Dodge Light and Power 


Co., Fort Dodge, Iowa. 
(22) 


Date of Election 


Feb. 26, 


2 
o 
= 
= 


April 19, 


April 19, 


Nov. 23, 
Dec. 16, 


Sept. 27, 


Feb. 7, 


1896 


1887 


1892 


1897 


1893 
1895 
1893 


1892 


1898 
1896 


1892 


1888 


1895 


1895 


1893 


1892 


1894 


1898 
1890 


1898 
1895 


1896 


ASSOCIATE MEMBERS 


Name. Address. 
CuNTZ, JoHANNEs H. 325 Hudson St., Hoboken, N. J. 
CURRIE, N. M. Santiago, Chili. 


DACUNHA, MANOEL IGNACIO Manager of the Electrical Section, 


Emprera Industrial Gram-Para, 
Para, U. S. of Brazil. 


DAGGETT, ROYAL BRADFORD Electrical Engineer, Electric Stor- 
age Battery Co., Marquette Build- 
ing, Chicago, Ill. 


DAME, FRANK L. General Sup’t, Tacoma Railway and 
Motor Co.. Tacoma, Wash. 
Damon, GEO. A. With B. J. Arnold, Electrical Engin- 
eer, 1541 Marquette Building, Chic- 
ago, Ill. А 
Damon, GEO. В. Westinghouse, Church, Kerr & Co., 
26 Cortlandt St. New York City. 
Dana, R. K. Agent, Washburn and Moen Mfg. 
Co., 16 Cliff St., New York City. 
DANIELSON, ERNST Consulting Electrician, Vestra Tradgar- 
. dsgatan 1513, Stockholm, Sweden. 
DARROW, ELEAZAR Professor M. E. Dept. Washington 
Agr. College, Pullman, Wash. 
DATEs, HENRY B,, Professor of Electrical Engineering 


and Physics, Clarkson School of 
Technology, Potsdam, N. Y. 


DAVENPORT, GEORGE W. бї Ames Bldg., Boston, Mass. 


Davipson, Ерм. C. Patent Lawyer, 141 Broadway, New 
York City. 

Davis, ALBERT G. Acting Manager, Patent Оер", Gen- 
eral Electric Co., Schenectady, N.Y. 

Davis, DELAMORE L. Superintendent, Salem Electric Light 
and Power Co., 299 Lincoln Ave., 
Salem, O. | 

DAvis, JOSEPH Р. Engineer, American Bell Telephone 
Co.,113 W. 38th St., New York City. 

Davis, W. J., JR. Electrical Engineer, General Electric 


Co., Schenectady, N. Y 


DEcEN, Lewis c/o. M. E, Levering, 1414 Chestnut 
St., Philadelphia, Pa. 


DEKHOTINSKY, CAPT. AcHILLES, Late Chief Electrician and 
Torpedo Officer, Imperial Russian 
Navy, Room 860, No. 334 Dearborn 
St.; residence, 1457 Newport Ave., 
Chicago, Ill. 


DEMPSTER, THOMAS Electrical Engineer, General Electric 
Co., Schenectady, N. Y. 
DENTON, JAMES E. Professor of Experimental Mechanics, 


Stevens Institute of Technology, 
Hoboken, N. J. 


DEREDON, CONSTANT Consulting Engineer, 27 Thames St., 
New York City. 
DEWAR, JOHN THOMAS” Electrical Expert, Western Electric 
Co.; residence, 33 Rue Bouewijns, 
Antwerp, Belgium. 
(23) 
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Date of Election. 


Mar. 5, 
Feb. 15, 


May 16, 


May 17. 


July 12, 


May 18, 


May 21, 


1889 
1899 


1893 


1899 
1893 
1898 
1897 


1884 


1895 


1896 


1898 
1889 


1890 


1898 


1889 
1884 
1895 


1895 


1891 


1898 


1887 


1897 


1895 


784 ASSOCIATE MEMBERS 


Name. Address. 
DeExTER, FRANK Н. Draughtsman, Nassau Electric Co., 
268 23d St. ; residence, 391 8th St., 

Brooklyn, N. Y. 


Dey, Harry E. 393 Classon Ave., Brooklyn, N. Y. 

DICKERSON, E. N. Attorney-at-Law, 141 Broadway ; resi- 
dence 64 E. 34th St., New York City. 

DINKEY, ALvA C. Supt. Electric Dept., Homestead Steel 
Works, Munhall, Pa. 

DosBiE, ROBERT S. Electrical Engineer, Riding Mill-on- 


Tyne, Northumberland, Eng. 


DoHERTY, HENRY L. 40 Wall Street, New York City. 

DOOLITTLE, CLARENCE E. Manager and Electrician, Roaring 
Fork Electric Light and Power Co., 
Aspen, Colo. 

DooLiTTLE, THOMAS В. Engineering Department, American 
Bell Telephone Co., 125 Milk St., 
Boston, Mass. 

DoREMUS, CHARLES AVERY M.D. Ph.D. 59 W. 51st St., New 
York City. 


Downing, P. M. Supt. Electrical Dept. Blue Lakes 
Water Co., Palo Alto, Cal. 


DRESSLER, CHARLES E. 17 Lexington Ave., New York City. 


DRYSDALE, Dr., W. A. Consulting Electrical Engineer, Hale 
Building, Philadelphia, Pa. 


Du Bois, JULIAN Chief Electrician, Mohawk Division 
М. Y. C & Н. R. R. К. 24 So. 
Hawk St., Albany, N. Y. 


Duncan, JOHN D. E. I8 Sidney Place, Brooklyn, N. Y. 


DuNcAN, THOMAS Electrician, Laboratory Fort Wayne 
Electric Corporation, 407 Broadway, 
Fort Wayne, Ind. 

DuNN, CLIFFORD E. Patent Attorney, 229 Broadway. New 
York City, residence, 12-а Monroe 
St., Brooklyn. N Y. 

Dunn, KINGSLEY С. British Columbia Electric Railway, 
L''d., 37 John Street, Victoria, 
В, C. 


DuRANT, EDWARD Chief Electrical Engineer, Manhattan 
State Hospital of the State of New 
York, Ward's Island, N. Y.; resi- 
dence, 115 East 26th St., New York 
City. 

DURANT, GEO. Е. Vice-Pres't Bell Telephone Co., of Mo., 
SII No. 4th St., St. Louis, Mo. 


DvER, FRANCIS MARON Associate Engineer with Chas. L. 
Eidlitz, 1012 St. James Bldg., 26th 
St., and Broadway; residence, 355 
Lenox Ave., New York City. 


Eppy, Н. C. Electrical Engineer and Contractor, 
Lees Building, Chicago, Ill. 


EDEN, MORTON EDWARD Electrical Inspector. Western District 
the Underwriters’ Association of 
the Middle Department, 245 Fourth 
Ave., Pittsburg ; residence, Warren 
Ра. 


(22) 


Date of Election. 


June 24. 1898 


Dec. 
April 


Feb. 


Feb. 


Oct. 


Nov. 


April 


Sept. 


I9, 


15, 


15, 


16, 
7, 


24, 
16, 


. 19, 


. 20, 


20, 


17, 


15, 


17, 


15, 


19, 


June 20, 


Sept. 


19, 


1894 
1884 
1897 
1889 
1898 


1894 


1893 
1884 


1898 
1890 


1894 


1892 


1884 


1894 


1894 


1894 


a 


ASSOCIATE MEMBERS 


Name. Address. 


EDMANDS, I. R. Construction Engineer, General Elec- 
tric Co., 315 Buffalo Ave., Niagara 
Falls, N. Y. 

EDWARDS, JAMES P. Consulting Electrician, Augusta,,Ga. 

EGLIN, WM. C. L. Chief of Electrical Department, Edison 


Electric Light Co.. 909 Walnut 5t.; 
residence, 4230 Chester Ave., Phila- 
delphia, Pa. 


EKSTROM, AXEL Electrical Engineer, General Electric 
Co.; Schenectady, N. Y. 

ELLARD, JoHN W. Treasurer, Edison Electric Illuminat- 
ing Co., 15 South Street, Baltimore, 
Md. 

ELIAS, ALBERT B. 1310 Washburn Street, Scranton, Pa. 


ELLIcoTT, EDWARD B. Superintendent of City Telegraph, 
Union League Club, Chicago, Ill. 

ErLLis, R. LAURIE Assistant to Superintendent, Augusta 
R'way & Electrc Co., 230 Dyer 
Building, Augusta, Ga. 

ELMER, WILLIAM, JR. Electrical Engineer, 1330 12th Ave., 
Altoona, Pa. 


ELY, WM. GROSVENOR, JR. Ass't Supt. Construction, General 
Electric Co., 849 Union Street, 


y 


Schenectady, N. Y. 

EMERICK, Louis W. Electrical Engineer, The Solvay Pro- 
cess Co., Syracuse, N. Y.; residence 
The Kenyon, Warren St., Syracuse, 
М.Ү. 

EMMET, HERMAN L. R. Publisher and Printer, 106 Liberty 
St., New York City. 

ENDE, SIEGFRIED H. I2I E. 77th St., W. New York City. 


ENTZ, Justus BULKLEY Electrical Engineer, Electric Storage 
Rattery Co., 19th St., and Allegheny 
Ave., Philadelphia, Pa. 

ERICKSON, F. WM. Electrical Engineer, The Erickson 
Electric Equipment Co., 71 Federal 
St., Boston, Mass. 

Esty, WILLIAM Professor in charge of Dept. of Elec- 


trical Engineering, University of 
Illinois, Urbana, ІН. 


ETHERIDGE, LOCKE Chicago Telephone Co.; residence, 
44 E. 5oth St., Chicago, lll. 
Evans, EDWARD A. Acting Chief Engineer, The Quebec, 


Montmorency and Charlevoin Rail- 
way, (Juebec, Canada. 

Eyre, M. K. Duncan and Eyre, Consulting Engin- 
eers, I5I4 Empire Building, 71 
Broadway, New York City 


FARNSWORTH, ARTHUR J. Chief Engineer, Larchmont Electric 
Co., Mamaroneck, Conn. ; residence, 
30 Beechwood Ave., New Rochelle, 


N. Y. 
FIELDING, FRANK E. Chemist and Assayer, Virginia City, 

[Life Member.] Nev. 
FINNEY, JOHN C. Cashier, Wisconsin Trust Co.; resi- 
dence, 34 Prospect Ave, Milwaukee, 

Wis. 


(22) 
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Date of Election. 


June 23, 1897 


April 19, 


Sept. I9, 


june 17, 


june 235, 
Jan. 26, 


Sept. Ig, 


April 26, 


Mar. 18, 


Mar. 2I, 


Aug. I3, 


April 15, 
Jan. 17, 


Jan. 7, 


Sep. 19, 


Mar. 20, 


Oct. 17, 


Jan. 22, 


Oct 17, 


1892 


786 


Name. 
FiRTH, WM. EDGAR 


FisH, MILTON L. 
FisHER, HENRY W. 


FITZHUGH, Wm. H. 


FLATHER, JOHN J. 


ASSOCIATE MEMBERS 


Address. 

Chief Engineer, The Midvale Steel 
Co., Nicetown, Philadelphia ; resi- 
dence, 7203 Boyer St., Germantown, 
Pa. 


Colvin Park, Ill. 


Electrician and Director of Elec. and 
Cheni. Laboratories; The Standard 
Underground Cable Co., Pittsburg, 
Pa. 


Supt. Bay City Electric Plant, Ray 
City, Mich. 


Professor of Mechanical Engineering, 
University of Minnesota; residence, 
316 roth Ave., S. E., Minneapolis, 
Minn 


FLEMING, JOHN BRECKENRIDGE, M. M , and Elec. Engineer, 


FLESCH, CHARLES 


FLikss, ROBERT ANTON 


Е! оор, J.F. 


FLov, IIENRY 


FoorTE, THos. H. 


FORBES, FRANCIS 
FORBES, GEORGE 


Silver King Mill, Park City, Utah. 


Eiectrical Engineer, Allgemeine Elek- 
tricitats-Gesellschaft, 22 Schiffbauer- 
damm, Berlin, N. W. Germany. 


Student of Electrical Engineering, 
Columbia University: residence, 
201 №. 55th St., New York City. 

Sup’t Steubenville Traction Co., 

Steubenville, O. 


Consulting Electrical and Mechanical 
Engineer, 220 Broadway, New York 
City. 

Electrical Engineer, C. & C. Electric 
Co., Garwood, near Westfield, N. J. 

Lawyer, 32 Nassau St., New York City. 


Electrical Engineer, 34 Great George 
St.. London, Eng. 


FORD, ARTHUR HILLYER, Western Electric Co., 503 W. Adams 


St., Chicago, Ill. 


FORD, FRANK R., M. Е. Consulting Engineer, Ford, Bacon & 


Роко, WM. S. 


Francisco, М. J. 
FRANK, GEO. W., JR. 


FRANKENFIELD, BUDD 
FRANKLIN, W. S. 


FRANTZEN, ARTHUR 


Davis, 149 Broadway, New York 
City. 


Assistant to Chief Engineer, The 
American Bell Telephone Co., room 
73, 125 Milk St., Boston, Mass. 


President and General Manager, Rut- 
land Electric Light Co., Rutland, Vt. 


c/o. J. G. White & Co., 29 Broadway, 
New York City. 

1007 5. Hill St., Los Angeles, Cal. 

Lehigh University, South Bethlehem, 
Pa. 


Electrical Engineer and Contractor, 
225 Dearborn St., Chicago, Ill. 


FRENCH, Pnor. THOMAS, JR. 74.2. 713 Ridgway Ave., Cin- 
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cinnati, O. 


Date of Election. 


Mar. 
Oct. 


Jan. 


April 


25, 
21, 


16, 


27, 


19, 


23, 


- 24, 


25, 


7, 


20, 


1896 
1896 


1895 


1898 


1893 


ASSOCIATE MEMBERS 


Name. Address. 
FRENYEAR, THOMAS C. Westinghouse Electric and Mfg. Co., 
782 Ellicott Sq., Buffalo, N. Y. 
FRIDENBERG, HENRY LESLIE, M. E. 44 E. 61st St., New York 
City. 
FRIEDLAENDER, EUGENE Electrician, Carnegie Steel Company, 
Duquesne, Pa. 


Frost, JosePH W. Secretary, National Automatic Fire 
Alarm, 335 Broadway, New York 
City. 

Fry, DONALD HUME Electrical Engineer {and Sup't. Mt. 


Whitney Power Co., Visalia Cal. 

GALLAHER, EDWARD B. The Pneumatic Supply and Equip- 
ment Co., 120 Liberty St.; residence, 
I37 W. 116th St., New York City. 

GALLATIN, ALBERT R. Student at Columbia University, resi- 
dence 58 W. 55th St, New York 
City. 

GANZ, ALBERT F. Assistant Professor, Physics and Ap- 
plied Electricity. Stevens Institute : 


residence 612RiverSt., Hoboken, №. J. 


GARRELS, W. L. 4531 West Pine Boulevard, St. Louis, 
Mo. 

GARFIELD, ALEX. STANLEY Engiveer, Cie Thomson-Houston, 
27 Rue de Londres, Paris, France. 


GAYTES, HERBERT Electrical Engineer, Oakland Transit 
Co., Oakland, Cal. 

GERRY, JAMES H. Superintendent, The  Self-Winding 
Clock Co., 163 Grand Ave., Brook- 
lyn, N. Y. 


GHERARDI, BANCROFT, JR., Assistant in the Engineering Dept. 
New York Telephone Co.; 15 Dey 
St., New York City; residence, 2I 
South Arlington Ave., East Orange, 
М. J. 


GILLILAND, E. T. Pelham Manor, N. Y. 


GiLMORE, LUCIEN H. Prof. of Physics and Electrical Engi- 
neering, Throop Polytechnic Insti- 
tute, Pasadena, Cal. 

GITHENS, WALTER L. Manager, H. P. Elec. Light and 
Power Co., Cor. §5th & Halsted Sts.; 
residence, 5101 Kimbark Ave., Chi- 
cago, Ills. 

GLADING, FRANK W., M. A., M. E., M. S. Edison Manu- 
facturing Co., Orange, N. J.; resi- 
dence, Caldwell, N. J. 

GLADSON, WM. N. Professor of Electrical Engineering, 

| Arkansas Industrial University, Fay- 
etteville, Ark. 

GLADSTONE, JAMES WM. Manager, Edison Mfg. Co., 110 East 
23d St., New York City ; residence, 
West Orange, N. J. 

GODDARD, CHRIS. M. Secretary and Electrician, New En- 
gland Insurance Exchange . Sec’y 
Underwriters’ National ` Electric 
Ass'n, §5 Kilby St,, Boston, Mass. 


GOLDMARK, CHAS. J. Electrical Engineer, 29 Broadway, 
and 473 Park Ave., New York City. 
Совтом, CHARLES Civil Engineer, Belmont, N. Y. 
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Date of Election. 


Sept. 25, 
Jan. 16, 


Nov. 20, 


Mar. 20, 


Nov. 23, 


Jan. 19, 


Mar. 23, 


April 26, 
Mar. 20, 
Jan. 26, 


Mar. 23, 


April 18, 


June 27, 


April I5, 


Mar. 20, 


Jan. 22, 


May 15, 


Dec. 28, 


April 18, 


April 22, 


june 5, 
Nov. | I2, 


1895 
1895 


1895 


1895 
1898 


1895 
1898 


1899 
1895 
1898 


1898 
1894 
1895 
1884 


1895 


1896 
1894 
1898 
1894 


1896 


1888 
1889 


788 ASSOCIATE MEMBERS 


Name. Address. 
GorRDON, REGINALD Tutor іп Physics, Columbia Uni- 
versity, New York City. 
GORRISSEN, CH. With Siemens & Halske, Franklin- 


| strasse 29, Charlottenburg, Ger. 
GRAHAM, GEORGE WALLACE 80 Decatur St., Brooklyn, №. Y. 


GRANBERY, JULIAN H. Jun. Am. Soc. C. E.; residence, El. 
mora, Elizabeth. N. J. 


GRAVES, CHAS. B. Marblehead, Mass. 


GREENLEAF, LEWIS STONE Electrician, Hudson River Tele- 
phone Co., Albany, N. Y. 


GREEN, ELWYN CLINTON Supt., Gosport Electric Light Co., 
Gosport, Ind. 


GREENWOOD, FRED. А. Secretary California Electric Works, 
409 Market St., San Francisco, Cal. 


GREGG, Tom Howarp Supt. Electrical Construction, U. S. 
Light House Board, Tompkinsville, 
S. IL, N. Y.; residence, New 
Brighon, 5. I. 


GRIFFEN, JOHN D. Inventor, Electric Conduit and Elec- 
tric Signaling Apparatus, 60 Broad- 
way ; residence, 304 West goth St., 
New York. 


GRIFFES, EUGENE V. Electrical Engineer, 618 South Broad- 
way, Los Angeles, Cal. 


GRIFFIN, CAPT. EUGENE First Vice-President, General Electric 
Co., 44 Broad St., New York City. 


Gross, S. Ross Electrician, Tennessee Coal, Iron and 
R.R. Co., Ensley, Ala. 

GROWER, GEORGE G. Electrician and Chemist, Ansonia 
Brass and Copper Co., Ansonia, 
Conn. 

Guy, GEORGE HELI Secretary, The New York Electrical 
Society, 120 Liberty St , New York 
City. 

HADLEY. ARTHUR L. Assistant Electrician to Chief Electri- 


cian and Gen’) Supt., Fort Wayne 
Electric Corporation, 174 W. Craigh- 
ton Ave., Fort Wayne, Ind. 


HADLEY, FRED'K W. Electrica] Eng'r, Arlington Heights, 
Mass. 


HAKONSON, CaRL HaroLb Electrical Engineer, with the 
Union  Elektricitits Gesellschaft, 
Dorotheeastr 45, Berlin, N. W., Ger. 


HALL, EDWARD J. Vice-President and General Manager, 
American Telephone and Telegraph 
Co., 15 Dey 5t., New York City. 


HALL, J. P. Electrical Contractor, 22 Thames St. ; 
residence, 200 W, 136th St., N. Y. 


HALL, WILLIAM P. President, The Hall Signal Co., Vice- 
President The Johnson Railroad 
Signal Co., 44 Broad St., New York 
City. 
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Date of Election. 


Feb. 


Mar. 


Mar. 


May 


Oct. 


Aug. 


Sept. 


April 


Aug. 


Sept. 


24, 


. 25, 


I9, 


22, 


13. 


. 26, 


7, 


17, 


18, 


16, 


17, 


5, 


25, 


5, 


16, 


1891 


1896 
1894 


1896 
1897 


1896 
1896 


1897 
1899 


1897 
1896 
1890 


1892 
1890 


1893 


1893 


1896 


1890 


ASSOCIATE MEMBERS 


Name. Address. 
HAMERSCHLAG, ARTHUR A. Electrical Expert, and Owner 


Hamerschlag & Co., тоо Maiden 
Lane, New York City. 


HAMILTON, JAMES Patent Attorney and Expert in Patent 
Causes, 53 State St., Boston, Mass. 


HAMMATT, CLARENCE S. Manager, Jacksonville Electric Light 
Co., Jacksonville, Fla. 


Hancock, L. M. Supt., Nevada County Electric Power 
Co., P. O. Box 151, Nevada City, 
Cal. 

HARDING, H. McL. 20 Broad Street, New York City. 

Harris, GEORGE H. Electrical Engineer, Birmingham Rail- 
way and Electric Co., Birmingham, 
Ala. 

HARRIS, W. C., JR. [Address unknown. ] 


HARTMAN, HERBERT T. Pennsylvania Heat, Light and Power 


Co., Cor. roth and Sansom Streets, 
Philadelphia, Pa. 


HARVEY, RoBERT R. 10 So. Franklin St., Wilkes-Barre, Pa. 
(Life Member.) 


HATHAWAY, JosEPH D., JR. Assistant in Cable Dep't Western 
Electric Со., 57 Bethune St., №. Ү. 


City. 
HATZEL, J. C. Electrical Engineer and Contractor, 
114 Fifth Ave., New York City. 
Hearty, Louis W. Treasurer, East Liverpool Railway 


Co., East Liverpool, Ohio. 


V 


HEDENBERG, WM. L. Manager and Editor, Electricity, 136 
Liberty Street, New York City. 


HELLICK, CHAUNCEY GRAHAM Department of Electrical Engi- 


neering, Lafayette College, Easton, 
Pa. 


HENDERSON, ALEX. Electrician, New York Fire Dept.; 
residence, 321 West 118th St. N. Y. 


HENDERSON, HENKY BANKS Riverside, Cal. 


HENRY, GEO. J., JR., Engineer for The Pelton Water Whee! 
Co., 143 Liberty St , New York and 
121 Main St., San Francisco, Cal. 


HERMESSEN, JOHN Louis 83 Cannon St, London, E. C., 
England. 


HESSENBRUCH, GEORGE 5. £E.E. Ph.D. 4214 Delmar Boulevard, 
St. Louis, Mo. 


HEwi1iTT, CHARLES E. Electrician, Hyer-Sheehan Electric 
Motor Co., 139 Chamber St., New- 
burgh. N. Y. 


HEWITT, WILLIAM R. Superintendent, Fire Alarm and Police 
Telegraph, g Brenham Place, San 
Francisco, Cal. 


HEWLETT, EpwWarkD M. Designing Engineer, Switchboard 
Dept., General Electric Co., Sche 
nectady, N. Y. 
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Date of Election. 


Mar. 25, 1896 


Sept. 


May 


May 


123; 


I9, 
21, 


20, 
I7, 


1898 


1893 


I891 
1887 


1894 
1895 


21, 189 


25, 


5, 
3, 


26, 


. 21, 


26, 


. 30, 


21, 


27, 


20, 


27, 


25, 


15, 


19, 


1895 


1896 
1889 


1891 


1394 


1898 


1897 
1895 


1898 


1897 


1895 


1895 


1894 


1891 


790 ASSOCIATE MEMBERS 


Name. Address. 
HILDBURGH, WALTER LEO Student, Columbia University ; resi- 
dence, 1 West 30th St., New York. 


HILL, ERNEST ROWLAND Electrical Engineer, Westinghouse E. 
& M. Co., Pittsburg, Pa, 


HILL, GEORGE, С. Ё. Consulting Engineer, 150 sth Ave., 
Tel. 2326 18th., New York City. 
HiLL, Geo. HENRY Chief Engineer, Elevator Department, 


Sprague Electric Co, Bloomfield, 
N. J.; residence, New York City. 


HiLL, H. P. Washington Loan and Trust Building, 
Washington, D. C. 


HiLt, NICHOLAS S., JR. Manufacturers’ Record Bldg., Balti- 
more, Md. | 


Hoac, GEo. M. City Electrician, City of Cleveland, 
II3 Citv Hall: residence, 3 Dor- 
chester Ave., Cleveland, O. 


HoBART, HENRY M. Engineer, саге British Thomson- 
Houston Co., 83 Cannon St., Lon- 
don Eng. 

HoDGE, WILLIAM B. Electrical Engineer, Foundry Dep't. 


Anaconda Copper Mining  Co.; 
Anaconda, Mont. 


HOFFMANN, BERNHARD New York Telephone Co., 15 Dey 
St., New York City. 


HOLBERTON, GEORGEC. Chief Engineer and Electrician, Bang- 
kok Electric Light Syndicate, Bang- 
kok, Siam. 


Ho.Brow, HERMAN L. With New York Telephone  Co.; 
residence, 424 West 20th St, New 
York City. 


HOLT, MARMADUKE BURRELL, Mining and Electrical Engineer, 
Silverton, Col. 


HOMMEL, LUDWIG Supt. of Construction, Standard 
Underground Cable Co., 1225 Betz 
Building, Philadelphia, Pa. 


Hoop, RALPH О. Electrical Engineer, General Electric 
Co., Baltimore, Md. 


HOPEWELL, CHAS. Е. Inspector of Wires, Supt. of Lamps, 
Fire Alarm and l'olice Telegraph, 
City of Cambridge, City Hall ; resi- 
dence, 82 Magazine St., Cambridge- 
port. Mass. 


HOPKINS, NEVIL MONROE Electrical Engineer, 1730 I Street, 
Washington, D. C. 


Hopkins, N. S. Ass't Engineer, General Electric Co. 
Lynn, Mass. | 
HORN, HAROLD J. Electrical Engineer, John A. Roeb- 


ling’s Sons’ Co; residence, 36 W. 
State St., Trenton, N. J. 


Нокмѕвү, HARRY Н. Electrical Inspector, 16 City Hall, 
Chicago, Ш. 
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Date of Election. - 


Dec. 


Jan. 


28, 


25, 


April 19, 


Jan. 
Nov. 


Aug. 


April 


April 


Dec. 


Nov. 


Mar. 


June 


25, 


18, 


5, 


28, 


23, 


15, 


* 24. 


15, 


22, 


27, 


1898 


1899 


1892 


1899 
1897 


1896 


1897 


1894 


1898 


1898 


1894 


1897 


1890 


1897 


1894 


1897 
1895 


1898 


1899 


1895 


ASSOCIATE MEMBERS 


Name. Address. 
IIosMER, SIDNEY Sup't. Underground Cable Dep't, 
Boston Electric Light Co, Ames 
Building, Boston, Mass. 


Howson, HUBERT Patent Lawver, 38 Park Row, New 
York City. 
HUBBARD, ÁLBERT S. Electrical and Mechanical Engineer, 


The Electro Chemical Storage Bat- 
tery Co., Belleville, N. J. 


HUBBARD, WILLIAM C. Vice-President, Electric Arc Light Co., 
I20 Liberty St., New York City; 
residence, 427 West 7th St., Plain- 
field, N. J. 


НовіЕҮ, б. WILBUR Electrical Engineer, Louisville Electric 
Light Co.; residence, 717 Fourth 
Ave, Louisville, ky. 

HUBRECHT, Dr. Н. Е. R. Director, Nederlandsche Bell Tele- 
phone Co., Amsterdam, Holland. 


Норѕом, JOHN E. President, The American Bell Tele- 
phone Co., 125 Milk St., Boston, 
Mass. 

Носсімѕ, N. W. Salesman, etc., General Electric Co., 
Seattle, Wash. 

НосоЕт, CHAS. K. Electrical Engineer, 1216 Carondelet 
St., New Orleans, La. 

Ніла, S. P. Chief Electrician of Hudson Div. N. 


Y. C. & II. К, К. R. Co., Pough- 
keepsie, N. Y. 

HuLsE. WM. S. Electrical. Engineer, Union Electrici- 
tats Gesellschaft, Berlin, Germany. 


HuMPHREYS, C. J. К. Manager, Lawrence Gas Co., and 
Edison Electrical Ill. Co., Law- 
rence, Mass. 


HUNT, ARTHUR L. Harrisburg Foundry and Machine 
Works, 203 Broadway, New York 
City. 

HUNTLEY, CHAS. К. General Manager, Buffalo General 
Electric Co., 40 Court St., Buflalo, 
N. Y. 


Hutton, CHAS. WILLIAM Chief Electrician, Sacramento Elec- 
tric Gas and Railway Co., Sacra- 
mento, Cal. 

HUTCHINSON, FREDERICK L. Flectrical Engineer, Westinghouse 
Eiectric and Mfg. Co., Pittsburg, Pa. 


IDELL, FRANK E. Havemeyer Building, 26 Cortlandt St., 
New York Citv. 

IHLDER, JOHN D. Fiectrical Engineer, Otis Electric Co., 
Yonkers, N. Y. 

I1J1MA ZENTARO, Electrical Engineer, 89 Shinhanacho, 
Hongo Tokyo, Japan. 

INGOLD, EUGENE Consulting Engineer and Expert, 1669 
Second Ave., Pittsburg, Pa. 

INSULL, SAMUEL President, Chicago Edison Co., 139 
Adams St., Chicago, НІ. 

IRVINE, DREW W. [Address unknown. } 
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Date of Election 


May 18, 


June 8, 


Nov. 20, 


April 18, 


Sept. Ig. 


Oct. 4, 


Dec. 20, 
Aug. 5, 


june 27, 


May 19, 


Mar. 25, 


Sept. 6, 


Sept. 19, 


Sept. 25, 


Feb. r5, 
June 20, 


July 12, 


Oct. 2, 
Jan. 22, 
April 18, 


Dec. 7, 
Sept 25, 


1897 


18875 


1895 


1894 


1894 


1857 


1893 


1896 


1895 


1896 


1896 


1887 


1894 


1895 


1899 
1894 
1887 
1888 


1896 


1894 


1886 
1895 


792 


. Name 
IWADARE, KUNIHIKO 


JACKSON, WM. STEELL 


JAEGER, CHARLES L. 


James, Harry D. 


JOHNSON, HOWARD S. 


JoHNsTon, W. J. 
Jones, ARTHUR W. 
Jones, F. R. 


Jones, G. H. 


Jones, HENRY C. 


Jones, M. E. 


Jost. v, HOWARD. 


Jupson, WM. PIERSON 


KAMMERER, JACOB A. 


KEEFER, EDWIN S. 


KEILHOLTZ, P. О. 


KELLER, E. E. 


KELLER, EDWIN R.,AM.E. 


KELLOGG, JAMES W., 


KELUY, WILLIAM Е. 
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M.E. 


ASSOCIATE MEMBERS 


Address. 

Electrician, Nippon Еіссігіс Company, 
2 Shikokumachi Mita Shibaku, 
Tokyo, Japan. 

4th Assistant Examiner, Patent Office; 
residence, 325 Spruce St., N. W., 
Washington, D. C. 

Inventor, Maywood, N. J., Electric 
Recording Ship Apparatus, Labora- 
tory. 132 Mulberry St., New York, 
N. Y. 

Expert Draughtsman, Otis Bros. & 
Co.. residence, 100 Buena Vista Ave., 
Yonkers, N. Y. 

Engineer and Sales Agent, Morgan- 
Gardner Electric Co.; residence, 70 
Jefferson Ave., Columbus, O. 

Lhe Electrical World, 9 Murray St., 
New York City. 

Care of Gibbs, Bright & Co., Mel- 
bourne, Australia. 


Professor of Machine Design, Uni- 
versity of Wisconsin, Madison, Wis. 


Agent, General Electric Co., Casilla 
1317 D Santiago, Chile. 

Member of Firm, the Electric Construc- 
tion and Supply Co., Montgomery, 
Ala. 

Contractor, 
Class, Cornell 


N.Y. 


Assistant Engineer, Snoqualmie Falls 
Power Co., Seattle, Wash. 


Oswego, N. Y. 


and Student in Senior 
University, Ithaca, 


General Agent, The Royal Electric 
Co., Toronto ; residence, 87 Jameson 
Ave., Toronto, Ont. 


Supt. of Electric Light Construction, 
Westera Electric Co.,57 Bethune St., 
New Vork City; residence, Eliza- 
beth, N. J. 


О. 5. Electric Power and Light Co., 
Holliday and Centre Sts, and 330 
N. Charles St., Baltimore, Md. 


Vice-Prest. and General Manager, 
Westinghouse Machine Co, Pitts- 
burg, Pa.; Mailing address, Edge- 
wood Park Pa. 


Mechanical and Electrical Engineer, 
Falkenau Engineering Co., Ltd., 
727 Reading Terminal, 4823 Spring- 
field Ave., Philadelphia, Pa. 


General Electric Co, 
Dept., Schenectady, N. Y. 


Lighting 


Manufacturers’ Electric Co., American 
and Somerset Sts., Philadelphia, Pa. 


Date of Election. 


Sept. 20, 1893 


April 22, 1896 


. 20, 1893 


. 23, 1898 


1899 
1884 


7; 1894 
1890 


1895 


20, 1895 


1897 


1898 
June 8, 1887 


1897 


April 1894 


Mar. 1893 


Sept. 


Mar. 


June 26, 1891 


Mar. 24, 1897 


Name. 


KENAN, WM. К. Jr. 


KENNELLY, ARTHUR E. 
[Life Member.] 


KER, W. WALLACE 


KING, VINCENT C., Jr. 


KiNSLEY, CARL 
KIRKLAND, JOHN W. 


KiTTLER, DR. ERASMUS 


KLAUDER, RUDOLPH Н. 


KriNCK, J. HENRY 
KNox, FRANK H. 


KNox, Geo. W. 


К хох, S. L. G. 


KREIDLER, W. A. 


ASSOCIATE MEMBERS 


Address. 
Chemist and Electrical Engineer, 
Lake Superior Carbide Works, 
Sault Ste., Marie, Mich. 


(President) Electrician, Firm of Hous- 
ton & Kennelly, 1203-4 Crozer 
Bldg., 1420 Chestnut St. ; residence, 
‘The Landsowne, N. 4ist St. and 
Parkside Ave., Philadelphia, Pa. 


Instructor of Electricity, Hebrew 
Technical Institute, 36 Stuyvesant 
St., New York City. Residence, 626 
Pavonia Ave., Jersey City, N. J. 


With V. C. & C. V. King, 517 West 
St.; residence, IIO East 16th Street, 
New York. 


Box 357. Johns-Hopkins University, 
Baltimore, Md. 


Electrical Engineer, General Electric 
Co., Schenectady, N. Y 


Professor at the Technical High School, 
Darmstadt, Germany. 


Electrical Engineer, The Electric 
Storage Battery Co., Philadelphia, 
a. 


Dept. Electrical Engineering, Lehigh 
University, South Bethlehem, Pa. 


15 Esplanade St., Alleghany Pa. 


Electrical Engineer, Chicago City Rail- 
way Co., 2020 State St., Chicago, 
Ill. 


Mechanical Engineer, Stilwell-Bierce 
and Smith-Vaile Co., Dayton, O. 


Editor and Publisher, Western Elec- 
frictan, 510 Marquette Building, 
Chicago, Ill. 


LABOUISSE, JOHN PETER 27. E. Electrical Engineer, General 


LAMB, RICHARD 


LAND, FRANK 


LANE, VANCE 


LANPHEAR, BURTON 5. 


(18) 


Electric Co., 40 Park St., Lynn, 
Mass. 


Chief Engineer, in charge business of 
the Lamb Electrical Cableways, The 
Trenton Iron Co., No. 1 Broadway, 
New York City. 


Sec'y and Treas., I. A. Weston Co., 
residence, 22t Green St, Syracuse, 


N. 


Manager and Superintendent Con- 
struction, Nebraska Telephone Co., 
Omaha, Neb. 


Instructor in Experimental Engineer- 
ing, Cornell University, Ithaca, NY. 
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Date of Election. 


Jan. 


Nov. 


Oct. 


Aug. 


Dec. 


Sept. 


Dec. 


Jan. 


20, 


. 25, 


5, 
I8, 


21, 


. I6, 


. I3, 


16, 


20, 


. 18, 


23, 


4, 


5, 


18, 


22, 


19, 


16, 


1897 


1888 


1895 


1896 


1897 


1894 


1896 


1897 


1895 
1894 


1896 


1898. 


1887 


1896 


1895 


1891 


1894 


1895 


794 ASSOCIATE MEMBERS 


Name. Address. 


LANMAN, WILLIAM H. Board of Patent Control, 120 Broad- 
way, New York City. 


LARDNER, HENRY ACKLEY Borough of Manhattan Electric 
Co., 33 Gold St., New York City. 


LARNED, SHERWOOD J. Superintendent, Chicago Telephone 
Co., 203 Washington St., Chicago, 
Ill. 

LARRABEF, ROLLIN N. Western Electric Co., 242 Jefferson St., 
Chicago, Ill. 


LATHAM HARRY MILTON’ In Engineering Department, Ameri- 
can Bell Telephone Co., 42 Farns- 
worth St., South Boston, Mass. 


LAWRENCE, W. Н. Assistant Superintendent, Second Dis- 
trict, Edison Electric Illuminating 
Co., 4g West 26th St., New York, 
N. Y. 


LEBLANC, CHARLES Ingenicur en Chef, de la Compagnie 
Generale de Traction, 24 Boulevard 
des Capucines, Paris, France. 

LECLEAR, GIFFORD, Electrical and Mechanical Engineer, 
Partner Densmore & Le Clear, 7 
Exchange Place. Boston, Mass.; 
residence, Cambridge, Mass. 


LECONTE, JosEPH NISBET Instructor in Electrical Engineering, 
State University, Berkeley, Cal. 


LEDOUX, A. R., AZ. S., Ph.D., 99 John St., New York City. 
LEE, FRANCIS VALENTINE T. Engineer, (Расібс Coast Dept.) 


Stanley Electric M'f'g. Co., 300° 


California St., San Francisco, Cal. 
LEE, JOHN C. Chemist and Electrician, American 

Bell Telephone Co., Mountfort St., 

Longwood, Brookline, Mass. 


LEITCH, HOWARD WALLACE Switchboard Regulator. The 
Edison Elect. Illuminating Co., res: 
idence, 373 Madison St., Brooklyn, 
М.Ү. 

LEMON, CHARLEs, Hon. Sec'y for New Zealand for the 
Institution of Electrical Engineers, 
Palmerston, North, New Zealand. 


LENZ, CHARLES OTTO Electrical Engineer, 150, Camp Street, 
Providence, К. I. 


LE PoNTois, LEON. Electrical Engineer, The Westinghouse 
Elec. and Mfg. Co., Pittsburg, Pa. 
LETHEULE, PAUL Electrical Engineer, Commissioned by 


French Government, 27 Rue de 
Londres, Paris, France. 

Levy, ARTHUR B. Assistant Engineer, Arc Light Dept., 
General Electric Co., Sto Lexington 
Ave., New York City. 

Lewis, HENRY FREDERICK WILLIAM, Redlands, 48 Sydenham 
Koad, Croydon, Surrey, England. 


LiBBvy, SAMUEL BYINGTON Supt. N. Y. X 5. I. Electric Co., 
West New Brighton, N. Y. 


LirLzgv, L. С. Electrical Inspector, Underwriters’ 
Association of Cincinnati, S. W. Cor. 
3d and Walnut Sts , Cincinnati, O.; 
residence, Wyoming, О. 
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Date of Election. 


june 


Dec. 


Oct. 


Mar. 


Dec. 


April 


April 


Oct. 


Feb. 
Dec. 


Mar. 


Mar. 


Nov. 


June 


6, 


I9. 


17, 


20, 


16, 


17, 


27, 


27, 
7, 


23, 


18, 


23, 


22, 


I5, 


18, 


17, 


20, 
5, 


23, 


20, 


1893 


1899 
1895 
1897 
1895 
1886 


1898 


1890 


1898 


1896 
1892 


1895 


1398 


1891 
1839 


1898 


1894 


ASSOCIATE MEMBERS 


Name. Address. 

LINDSAY, ROBERT General Supt. The Cleveland Elec. Ill. 
Co., 717 Cuyahoga Building, Cleve- 
land, Ohio. 

Linpsay, WM. E. Consulting Mechanical and Electrical 
Engineer. Anglo- American Provision 
Co., Union Stock Yards, Chicago, 


Il. 

LirTLE, C. №, С, Engineer, British. Thomson-Houston 
Co., 83 Cannon Street, London, 
Eng. 


LIVINGSTON, JOHNSTON JR. 56 E. 49th St., New York City. 

LOEWENHERZ, HERMAN Electrical and Mechanical Engineer, 
1376 Lexington Ave,, New York 
City, 

LOEWENTHAL, МАХ Manager, Publication Dep't. The 
Electrical World and Electrical En- 
gineer ; residence, 1057 Lexington 


Ave., New York City. 
LOHMANN, R. W. 32 University Ave., Ithaca, N. Y. 
LORIMER, Gro. WM. Superintendent of Construction, The 
Callender Telephone Exchange Co., 
Troy, O. 


LoRIMER, JAMES Нотт Electrical Engineer. ‘The Callender 
lelephone Exchange Co, Troy, О. 


Louis, Отто T. Manager of New York Branch, Queen 
& Co., Inc.; residence, 340 East 
rioth St., New York City. 

Lovejoy, D. R. Assistart in Electrical Engineering, 
Columbia University; residence, 
222 East 46th St., New York, N. Y. 

Low, GEORGE P. Editor and Proprietor, Journal of 
Electricity, 427 Tenth Ave., San 
Francisco, Cal. 


Lozikg, RoBERT T. E. Electrical Engineer, Member of Firm 
of Bullock Electric Co., St. Paul 


Bidy., New York City. 

LupLAM, Harry W. With Western Electric Co., 57 Bethune 
St., New York City. 

LUNDELL, ROBERT Electrical Engineer, 20 Broad St., resi- 
dence, 109 W. 69th St., New York 
City. 


LuQuER, THATCHER, T. P. New York Telephone Co., 15 
Dey St., residence, Bedford, N.Y. 


LYMAN, CHESTER WoLcorT, M. A. 30 Broad St., New York, 


N. Y. 
LYMAN, JAMES 839 Union Street, Schenectady, N. Y. 
[Life Member.] 
Lynn, WM. A. Assistant in Electrical Engineering, 
University of California, Berkeley, 
Cal. 
Lyons, JOSEPH, Patent Solicitor, with Gustav Bissing 


908 G. St.. Washington, D. 
MACCOUN, ANDREW ELLICOTT Supt.of the Electrical Dep't.. The 
Carnegie Steel Co., Braddock, Pa. 
MaAcCurLLocH, RoBERT C. Manager, Jos. Lough Electric Co., 
503 Fifth Ave.; residence, 209(W, 
81st St., New York City; 
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Date of Election. 


April 27, 1898 


April 


April 
May 


Feb. 


Mar. 
Nov. 


Aug. 


Aug. 


Feb. 


April 


Jan. 


I7, 


22, 
17, 


27, 


. 20, 


- 27, 


1895 


1896 
1898 


1895 


1898 
1898 


1896 


1896 


1898 


1897 


1893 


1890 
1895 
1890 
1891 
1894 


1894 


1899 
1898 


1895 


1895 


796 ASSOCIATE MEMBERS 
Name. Address. 
MACFADDEN, Cart К. Consulting Engineer, Geneva, Ind. 


MACGREGOR, WILLARD H. General Eastern Agent, Cutler- 
Hammer. Mfg. Co. of Chicago. 136 
Liberty St.; residence, 359 W. 27th 
St., New York City. 


30 Broad St., New York City; resi- 
dence, Englewood, N. J. 


Mackie, C. Р. 


MACKINTOSH, FRED'K. Electrical Engineer, General Electric 
Co.; residence, 225 Union St., 


Schenectady, N. Y. 


MacLkop, GEORGE Superintendent and Engineer, Ken- 


Date of Election. 


Sept. 27, 1892 


Jan. 


Mar. 


Mar. 


tucky and Indiana Bridge Co., 2yth . 


and High Sts.; residence, 1913 4th 
Ave., Louisville, Ky. 


MACMULLAN, ROBERT HEATH, Lafayette, Ind. 


MAGEE, Lovis J. Electrical Engineer, Director. der 
Union Elektricitats Gesellschaft, 
Grosse; Quer Allee 1., Berlin, Ger- 


many. 


MAHONEY, JAMES J. Engineering Assistant to Manager 
Railway Dep't G:neral Electric Co., 


115 W. 47th St., New York City. 
Chief Engineer, Hoshyu Traction Co., 

Beppu, Oitaken, Japan. 
Electrician, Armour & Co,, 

Union Ave., Chicago, Ill. 


President, Iron Clad Resistance Co., 
Westfield, N. J. 


Superintendent, Universal Lock Co, 
Woodbine, N. J., and 56 Liberty 
St., New York City. 

[Address Unknown. ] 


Agent, Stanley Electric M'fg. Co., 
300 California Street, San Francisco, 
Cal, 


MARTIN, T. COMMERFORD (Past-President.) Editor, The Elec- 
trical World and Electrical En- 
gineer, 9 Murray Street, N. Y. City. 


Electrical Expert, ro Fifth Ave., 
Brooklyn, N. Y. ‹ 


MATHER, EUGENE HOLMES Central Railway and Electric 
Company, New Britain, Conn. 


MAKI, HElIICHIR 
MALIA, JAMES P. 5316 
MANSFIELD, К. Н. Jr., 
MARTIN, FRANK 


MARTIN, JAMES A, 
MARTIN JOHN 


MASON, JAMES Н. 


MATTHEWS, CHARLES Р, Associate Professor, Electrical En- 
gineering, Purdue University, Lafa- 
yette, Ind. 

c/o. General 
Wash. 


MAXWELL, EUGENE Electric Co., Seattle, 


Counsellor at-Law in Patent Causes 
(Pollock & Mauro), 620 F. St., 
Washington, D. C. 


Mfr. of Plating Dynamos, 2d Ave. and 
I21st 5t.; residence. 433 East 116th 
St., New York City. 


MAURO, PHILIP 


MAYER, MAXWELL M. 
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Dec. 


Feb. 


20, 


21, 


25, 


5, 


. 22, 


27, 


1897 


1893 


Name. 
MAYRHOFER, Jos. CARL 


N 
McCarTHY, E. D. 


MCCLUER, CHAS. Р. 


McCLunc, W. A. 
McELnov, James Е. 
McKIBBIN, GEORGE N, 
Mchissick, A. Е. 


MCcRAE, AUSTIN LEE 


ASSOCIATE MEMBERS 


Address, 


Electrical Engineer, 165 W. 82d St., 
New York City. 


McCarthy Bros. & Ford, 45 North 
Division St.; residence, 382 West 
Ferry Sweet, Buffalo, N. Y. 


District Inspector, So. Bell Tel. and 
Tel. Co., Richmond, Va. 


Manager, Electrical Dept., Plainfield 
Gas and Electric Light Co., 207 
Madison Ave., Plaintield, N. J. 


Consulting Engineer, Consolidated 
Car Heating Co., 131 Lake Ave., 
Albany, N. Y. 

Reed & McKibbin, General Street 
Kailway Contractors, 30 Broad St 
New York City. 

Professor of Electrical Engineering, 


The А. & M. College of Ala., 
Auburn, Ala. 


Consulting Electrical Engineer, 306 
Oriel Bldg , St. Louis, Mo. 


MEADOWS, HAROLD GREGORY Associate Engineer (Elec.) with 


MEDINA, FRANK P. 


MEREDITH, WYNN 


MERRILL, E. A. 


MERRILL, JOSIAH L. 
MERRITT, ERNEST 


Merz, Cunas. H. 


Meyer, Hans S. 


MEYER, JULIUS 


MILLER, HERBERT S. 


MILLER, KEMPSTER B. 


MILLER, WM. C., Af. S. 
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Newcomb Carlton, 109 White Build- 
ing ; residence, 238 Elmwood Ave., 
Buffalo, N. Y. 


Electrician, Pacific Postal Telegraph 


Co., 534 Market St.. San Francisco, | 


Cal. 


Electrical Engineer, Benjamin, Hunt, 
and Meredith, 331 Pine St., San 
Francisco, Cal. 


Manager, New York Office, MacIntosh 
and Seymour, 26 Cortlandt St., New 
York City. 

Electrical Engineer, c/o. General 
Electric Co., New Orleans, La. 


Assistant Professor in Physics, Cornell 
University, Ithaca, N. Y. 


The British Thomson-Houston Ltd., 
83 Cannon St., London, E.C.; resi- 
dence, The Quarries, Newcastle-on- 
Tyne, England. 


Electrical Engineer, General Electric 
Co., residence, Hotel Edison, 
Schenectady, N. Y. 


Consulting Engineer, 55 Broadway, 


New York City. 


. Electrical Engineer, Diehl Mfg. Co.; 


residence, 1025 Е. Jersey St., 
Elizabeth, N. J. 

Electrical Engineer and Patent Ex- 
pert, Box 323, Scranton, Pa. 


Electrical Engineer, 3 South Hawk 
5t, Albany, N. Y. 
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Date of Election. 


June 


Nov. 


Apr. 


Dec. 


Nov. 


june 


Feb. 


May 


Sept. 


Sept. 


20, 


18, 


22, 


20, 


17, 


23, 


I9, 


17, 


. 20, 


- 25, 


. 16, 


‚ 25, 


27, 


25, 


. 22. 


. 28, 


21 


1894 


1896 


1896 


1893 


1892 


1887 


1892 


1892 


1896 


1894 


1893 


1893 
1895 


1890 


1895 


1898 


1892 


1399 


1898 


, 1890 


798 - ASSOCIATE MEMBERS 


Name. Address. 
MITCHELL, SIDNEY Z. Manager, Oregon, Washington and 
Idaho Agency, General Electric Co., 
Fleischner Building, Portland, Ore. 


MorE, HARVEY EDWARD Asst in Engineering Dept. J. С 
White & Co., 29 Broadway ; resi- 
dence, 320 West 58th St, New 
York City. 

MouTAGU, RALPH LECHMERE Chief of Electrical Department, The 
Gold Dredging Co., Bannack, Mont. 


MoonE, WM. E. General Superintendent and Electrician 
The Augusta Railway & Electric Co., 
Augusta, Ga. 


MORA, MARIANO Luis General Electric Co., 44 Broad St., 
New York City. 
Мокркү, WM. Morris Consulting Electrician, 82 Victoria St., 


Grosvenor Mansions. Westininster, 
London, Eng. 


MonEnousE, H. H. Morehouse and Morrill, General 
Electric Installation and Contract- 
ing Work. Apartado No 44, Quez- 
altenango, Guatemala, C. A. 


MORGAN, Cuas. H. 1015 13th Street, Altoona, Pa. 


MORGAN, JACQUE L. Electrical Inspector, Kansas City Fire 
Dep't ; residence, 1702 Locust St., 
Kansas City, Mo. 


MORLEY, EDGAR L. Sup't Hatzel & Buehler, t14 5th Ave., 
New York City. 

Morrison, J. FRANK Manager, The Northern Electric Co. 
IS South St., Baltimore, Md. 

Morse, GEORGE Н. Electrical Engineer, St. Joseph and 


Benton Harbor Electric Railway and 
Light Co., St. Joseph, Mich. 


Monss, EVERETT Vice-President, Simplex Electric Co., 
303 Marlboro St., Boston, Mass 


MORTLAND, JAMES A. Sergeant r2th Co., U. S. V., Signal 
| Corps, Official Photographer, 31 
Army Corps, Montezuma, lowa. 


Morton, HENRY, 2л. 2. President of Stevens Institute of Tech- 
nology, Hoboken, N. J. 


Moses, DR. OTTO А. Electrician, 1037 Fifth Ave., New 
York City. 
MosES, PERCIVAL ROBERT, Æ. Æ. Electrical Engineer, 35 Nassau 
St.: residence, 46 West 97th St., 
New York City. 
Mosscrop, WM. A., M.E. Electrical Engineer, 189 Montague 
St., Brooklyn, N. Y. 


MuNNs, СНАЅ, K. Electrical Engineer, Corning, Iowa. 


MURPHY, JOHN MCL. Electrical Engineer, Safety Third 
Rail Electric Co., 5 Beekman St., 
Room 223, N. Y. 


MUSCHENHEIM, FRED'K A. Electrical Engineer, Western Elec- 
tric Co.. 57 Bethune St., residence, 
41 W. gist St, N. Y. City. 
(21) 


Date of Election, 


Nov. 12, 1889 


Nov. 30, 1897 


Feb. 26, 1896 


Jan. 22, 1896 


Mar. 20, 1895 


Sept. 22, 1893 


Feb. 2r, 1894 
Aug. 5, 1896 
Jan. 26, 1898 
Sept. 25, 1895 


April 15, 1884 


May 15, 1894 


Sept. 22, 1891 


Feb. 23, 1898 
May 24, 1887 


May 17, 1887 


Dec. 19, 1894 


May 7,1889 
Nov. 21, 1894 


Oct. 26, 1898 


April 27, 1898 


ASSOCIATE MEMBERS 


Name. Address. 
NEILSON, JoHN Sup't. of Interior Wiring Department, 
Larchmont Electric Co., Larchmont, 
N. Y 
NEwBuRY, Е. J. Manager Insulated Wire Department, 


John А. Roebling’s Sons Co., 
Trenton, N. J. 


NIMIS, ALBERT A. Electrical Contractor, Nimis & Nimis, 
59 East 5th Street, St. Paul, Min. 
and 204 E. 86th St, N. Y. City. 


Nock, GEO. №. Chief Engineer, in charge of Steam and 
Electric Plant Westinghouse Elect. 
and Mfg. Co., Pittsburg, Pa. 


NoxoN, C. PER LEE Manufacturer, High-Frequency X- 
Kay Apparatus, Dynamos and 
Motors, 500 East Water Street, 
Syracuse, N. Y. 


Nunn, RICHARD J., M.D. Physician, 1190$; York St., Savannah, 
Ga. 


NvHAN, J. T. Superintendent and Electrician, Macon 
and Indian Spring Electric Railway, 
Macon, Ga. 


OCKERSHAUSEN, Н. А. Electrical Engineer, 65 Madison Ave., 
Jersey City, N. J. 


От, SAITARO Chief Engineer to the Bureau of Tele- 
graphs The Ministry of Commu- 
nications, 16  Kamitomisakacho, 
Koishikawa, Tokyo, Japan. 


OLAN, THEODOR, J. W. [Address unknown. ] 
OLIVETTI, CAMILLO Ingegnere Industriate, Ivrea, Italy. 


ORMSBEE, ALEX. F. Electrical Engineer, with N. Y. and 
N. J. Telephone Co., 81 Willoughby 
St.; residence, 183 Joralemon St., 
Brooklyn, N. Y. 


OSBORNE, LOYALL ALLEN Assistant to 2nd Vice-President West- 


inghouse Electric and Mfg. Co., ° 


Pittsburg, Pa. 


OsrTERBERG, Max, E.E. A.M. Consulting Engineer, and Elec- 
trical Expert, Bowling Green Build- 
ing, New York City. 


O’SULLIVAN, M. J. Superintendent, Electric Light, B. & O. 
R. R. Co., 202 Hazelwood Ave., 
Pittsburg, Pa. 


OTTEN, DR. JAN D. Director, Batavia Electrische Tram- 
Maatschappij, Van Baerlstraat 80, 
Amsterdam, Holland. 


PAGE, А. D. Assistant Manager, General Electric 
Co. Lamp Works, Harrison, N. J. 


PARKER, HERSCHEL.C. Tutor in Physics, Columbia University, 
21 Fort Green PI., Brooklyn, N. Y. 


PARMLY C. HowaRp, S.M., Е. Е. College of the City of New 
York, 17 Lexington Ave.; residence, 
344 W. 29th St., New York City. 


(19) 


799 


Date of Election. 


May 18, 


Sept. 23, 


Aug. 13, 


Aug. 5. 


July 12, 


June 27, 


Oct. 18, 


Jan. 17, 


Mar. 20, 


Nov. 18, 


Jan. 1g, 


April r9, 


Feb. C21, 


1897 


1896 


1897 


1896 


1894 


1887 


1895 


1887 


1898 
1893 
1894 


1895 


1893 


1894 


1895 


1890 
1892 


1892 


1893 


800 ASSOCIATE MEMBERS 


Namc. A ddress. 
PARRY, EVAN Engineer, The British Thomson-Hous- 
ton Ltd., Sunningdale, Fitzgerald 
Ave., Mortlake, London, Eng. 


PARSELL, HENRY У. Ёк. 31 E. 21st St., New York City. 


PATTON, PRICE I. Sheble & Patton, Ltd., 1026 Filbert St. ; 
residence, The Bartram, 33d and 
Chestnut St., Philadelphia, Pa. 

PEAKSON, FRED'K J. Supt. of Construction. Western Electric 
Co., 1510 lloward St., Omaha, 

Neb. 

PECK, EDWARD F. 187 Montague St.; residence, 700 

Nostrand Ave., Brooklyn, N. Y. 


PEcKHAM, W. C. Prof. of Physics, Adelphi College, 
Brooklyn ; residence, 406 Classon 
Ave., Brooklvn, N. Y. 


PEIRCE, ARTHUR W. K. Consulting Electrical Engineer to the 
Consolidated Gold Fields of South 


Africa, Ltd., Johannesburg, S. A. R. 
PERKINS, FRANK C. Electrical Engineer and Contractor, 
774 Prospect Ave., Buffalo, N. Y. 
PETTY, WALTER M. . Superintendent Fire Alarm Telegraph, 
Rutherford, N. J. 
PFUND, RICHARD With Western Union Telegraph Co., 
| 195 Broadway, New York City. 
PHELPS, WM. J. Electrical Engineer and Contractor; 
residence, Elmwood, 111. 
PHILBRICK, B. W. Electrical Engineer for J. J. Astor, 
| Rhinecliff, N. Y. 
PHILLIPS, EUGENE F. President, American Electrical Works, 
Phillipsdale, R. I. 
PHILLIPS, LEO A. Superintendent, New York and Queens 


Light and Power Co., 66 Lawrence 


St., Flushing, N. Y. 
PHISTERER, FRED'K WILLIAM 188 State St., Albany, N. Y. 
PiLisBURY, CHas. L. City Electrical Inspector, City} Hall, 
Minneapolis, Minn. l 
PINKERTON, ANDREW Electrical Engineer, The Apollo Iron 


and Steel Co., Vandergrift Pa. 


PLUMB, CHARLES Proprietor and Electrician, The Chas. 
Plumb Electrical Works, 70 West 
Swan St., Buffalo, N. Y. 

Pomeroy, WILLIAM D. Electrician, Akron Electric Mfg. Co., 
1106 So. Main St., Akron, O. 

PooLe, CECIL P. Editor Electrical Dep't., ower, 


Pulitzer Building: residence, 206 W. 
8oth St., New York City. 


Pore, Henry W. Traffíc Manager Southern Bell Tele- 
phone & Telegraph Co., residence, 
200 W. 83d 5t., New York City. 

Pope, RALPH WAINWRIGHT Secretary to the American Institute 
of Electrical Engineers, 26 Cortlandt 
St., (Telephone, 2199 Cortlandt), 
New York City; residence, 570 
Cherry St., Elizabeth, №. J. 

(22) 


Date of Election 


Sept. 
Nov. 


June 


25, 
12, 


. 20, 


27, 


20, 


25, 


3, 


. 23, 


2, 


1895 
1889 


1895 


1898 


1890 


1897 


1895 
1890 
1893 
1893 
1896 
1894 
1889 
1894 
I895 
1897 


1895 


1894 


1899 


1888 


1898 


1885 


ASSOCIATE MEMBERS 


Name. Address. 
Porter, Н. HOBART, JR. Agent, Westinghouse Elec. and Mfg. 
Co., 120 Broadway, New York; resi- 
dence, Lawrence, L. 1. 
POWELL, РЕКСҮ HowARD M. E., Bridgeport Brass Co.; res- 


idence, 344 ^tate St., Bridgeport, 
Conn. 


Price, CHAs. W. Editor the Electiical Review, 41 Park 
Row, New York City; residence, 
223 Gartield Place, Brooklyn, N. Y. 


Price, EDGAR Е. Electricial Engineer, Carbide Works, 
Niagara Falls, N, Y. 


Prince, J. LLoypD Edison Illuminating Co., New York 
City ; residence. 868 Flatbush Ave., 
/ (Flatbush Station), Brooklyn, N. Y. 


PRIvAT, Louis Electrician, Cicero Water, Gas and 
Electric Light Co., Oak Park, Ill. 


Proctor, Tos. L. General Manager, Riker Electric Motor 
Co., Brooklyn; residence, Newtown, 
L.L, №. Y. 


PRossER, HERMAN A. Electrician, c/o Baltimore Copper 


Works., Keyser Bldg.; Baltimore, 
Md. 


PuPIN, DR. MICHAEL I. (Vice President) Adjunct Professor in 
Mechanics, Columbia University ; 
residence, 7 High and Place, Yonkers 


N. Y. 
RANDALL, JOHN E. Columbia Incandescent Lamp Co., 
1912 Olive St., St. Louis, Mo. 
RANDOLPH, L. S. Professor of Mechanical Engineering, 
Blacksburg, Va. 
RATHENAU, ERICH Electrical Engineer. Allg. Electricitats 
| Gesellschaft, Berlin, Germany. 
Ray, WILLIAM D. General Manager G. P. Magann Air 


Brake Co., 46 Campau Building, 
Detroit, Mich. 


READ, ROBERT H. Patent Attorney, 44 Broad St., New 
York City. 

REED, Cuas. J. Electrician, 3313 №. r6th St., Phila- 
delphia, Pa. 

REED, Harry D. Electrician, Bishop Gutta Percha Co., 


420 East 25th St., New York City; 
residence, 88 North gth St., New- 
ark, N. J, 


REED, HENRY A. Secretary and Manager, Bishop Gutta- 
Percha Co., 422 East 25th St., New 
York City; residence, 88 North 9th 
St., Newark, N. J. 


REICHMANN, FRITZ Ryerson Physical Laboratory, Uni- 
versity of Chicago, Chicago, Ill. 
REID, EDWIN S. General Sup't of Construction, National 


Conduit and Cable Co, r7 Times 
Building; residence, 112 Madison 
Ave., New York City 


(19) 


801 


Date of Election. 


Mar. 25, 1896 
Sept. 25, 1895 


Sept 19, 1894 


June 27, 1895 


Feb. 27, 1895 


Dec. 19, 1894 
April 18, 1894 
Jan. 26, 1898 
Mar. 18, 1890 
May 7, 1889 


Feb. 21, 1893 


Nov. 20, 1895 


Sept. 27, 1892 
Jan. 19, 1892 


Mar. 5, 1889 
Sept. I9, 1894 


June 4, 1889 


Mar. 23, 1898 


Feb. 26, 1896 


802 ASSOCIATE MEMBERS 


Name. Address. 


REILLY, JOHN C. General Supt., М.Ү. & N. J. Tel. Co., 
16 Smith St., Brooklyn, №. Y. 


RENNARD, JOHN CLIFFORD, A. B. £F. E. Consulting and Super- 
vising Electrical Engineer, 15 Dey 
St., New York City. 


RENO, C. STOWE Electrical Engineer, Triumph Electric 
Co., 620 Baymiller Street, Cincin- 
nati, Ohio. 


REQUIER, A. MARCEL Electrical Engineer, Westinghouse 
Electric Co., (L't'd.) 32 Victoria St., 
l.ondon, 5. W. Eng. 


Rick, ARTHUR L. Professor of Steam and Electrical En- 
gineering, Pratt Institute, Brooklyn, 
7 


RicH, FRANCIS ARTHUR Manager, Woodstock G. M. Co., 
Karangahake, Auckland, New Zea- 
land. 


RICHARDS, CHAs. W. C. W. Richards & Co., 64 Federal St., 
Boston ; residence, Needham, Mass. 


RICHEY, ALBERT S. Electrician, Citizens’ Street Railway 
Co., 403 W. Adams Street, Muncie, 
Ind. 

RICKER, CHARLES W. Electrical Engineer, 702 Ellicott 


Square, Buffalo, N. Y. 


RIDEOUT, ALEXANDER C. ZZ. D., Consulting Electrical and 
Mechanical Engineer, Rideout & 
Gage, 101 Randolph St.,Chicago, 111. 


RIPLEY, WM. HOWE 605 Lexington Avenue, New York 
City. 


RITTENHOUSE, CHAS. T. 247 W. 138th St, New York City. 


ROBERSON, OLIVER К. Electrician, Western Union Telegraph 
Co., r95 Broadway, P. O. Box 856, 
New York City. 


ROBINSON, ALMON Webster Road, P. О. Box 943, Lewis- 
ton, Me. 


ROBINSON, DWIGHT PARKER Manager, Edison Illuminating 
Co., 15 South St., Baltimore, Md. 


ROBINSON, FRANCIS GEORGE With Metropolitan Street Railway 
Co.; residence, 138 E. 61st Street, 
New York City. 


RODMAN, SAMUEL, JR. (Late rst Lieut., 2nd U. S. Artillery), 
Electrician and Expert in High Ex- 
plosives, Room 106, Pullman, Bldg., 
Chicago, Ill. 


RORBLING, FERDINAND W. Manufacturer of Electrical Wires 
and Cables, Trenton, N. J. 


(18) 


Date of Election. 


April 15, 


Jan. 


Nov. 


Oct. 


Sept. 


May 


May 


Aug. 


Feb. 
Feb. 


Dec. 


Sept. 


Sept. 


Nov. 


16, 


23, 


20, 


21, 


. 20, 


23, 


18. 


15, 


21. 


1884 


1895 


1898 


1893 


1896 


1897 


1896 


1897 


1894 


1896 


1897 
1894 


1893 


1887 


1895. 


1894 


1887 


ASSOCIATE MEMBERS 


Name. Address. 
ROLLER, FRANK W. Af. Е. Electrical Engineer, Machado & Roller, 
Electrical Machinery, 203 Broadway, 
N. Ү.; residence, Cranford, N. J. 


RoPER, DENNEY W. Edison Illuminating Co. of St. Louis, 
Mo., Alton, Ill. 


ROSEBRUGH, THOMAS REEVE Lecturer in Electrical Engineering, 
School of Practical Science, ‘Toronto, 


Ont. 

ROSENBAUM, WM. A. Electrical Expert and Patent Solicitor, 
177 Times Building, New York 
City. 


ROSENBERG, E. M., M. Е. Residence, 138 W. 85th St., New York 
City. 

ROsENRUsCH, GILBERT — Engincer, Sprague Electric Co., South 
Orange, N. J. 


Ross, TAYLOR WILLIAM Second Assistant Engineer, U. S. 
Revenue Cutter Service, Revenue 
Cutter ‘*Perry,’’ Astoria, Or. 


ROWLAND, ARTHUR JouN Professor of Electrical Engineeriug, 
Drexel Institute: residence, 3220 
Spencer Terrace, Philadelphia, Pa. 


ROWLAND, HENRY A. Professor of Physics, Johns Hopkins 
University, Baltimore, Md. 


Royce, FRED W. Electrician and Patent Solicitor, 1423 
New York Ave., Washington, 
D. C. 


RUSHMORE, Davip B. Wendell Hall, Pittsheld, Mass. 


RUTHERFORD, WALTER Manager Electric Traction Dep't, Dick 
Kerr & Co., Ltd., 110 Cannon St., 
London E. C., England. 


SAGE, HENRY JUDSON Sage & Co., Electrical Engineers, 
Rochester, Pa. 


SAHULKA, DR. JOHANN Docent of Electrotechnics, Technische 
Hochschule, Vienna, Austria. 


SANBORN, FRANCIS N. Ass't Master Mechanic, Coe Brass and 
Mfg. Co., Torrington, Conn. 


SANDERSON, EpwiN М, ОҒ Sanderson & Porter, Engineers and 
Contractors, 120 Broadway, New 
York City. 


SARGENT, HowARD R. Electrical Engineer, General Electric 
Со. ; residence, 706 East Liberty St., 
Schenectady, N. Y. 


SATHERBERG, CARL HuGo Chief Engineer, The Midvale Steel 
Co., Nicetown, Phila.. Pa.; residence 


1752 N. 26th St., Philadelphia, Pa. 
SAWYER, FRED. W. 68 Mount Vernon St., Fitchburg, Mass. 
SAXELBY, FREDERICK Electrical Engineer, 288 Summer Ave., 


Newark, N. J. 
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Date of Election. 


May 


June 


June 


Mar. 


Sept. 


Mar. 


April 


Sept. 


Sept. 


Dec. 


Dec. 


Nov. 


Oct. 


Mar. 


Aug. 


June 


June 


21, 


25, 


19, 


21, 


15, 


25, 


20, 


20, 


24, 


17, 


25, 


1895 


1893 


1891 


1889 


1890 


1898 


1896 


'804 ASSOCIATE MEMBERS 


Name. Address. 
SCHEIBLE, ÁLBERT Secretary, George Cutter Co., 100 
Lake Street, Chicago, Ill. 
'ScHLOSSER, FRED. G. Superintendent of Electric Dept., La- 


clede Gas Light Co., 411 N. 11th 
St. Louis, Mo. 


ScHREITER, HEINR. C. Æ. Counsellor and Attorney, 20 Nassau 
St, New York City. 


'ScHUM, CuHas. Н. Electrical Engineer, F. A. La Roche 
& Co., 216 Lhird Ave., New York 
City. 

‘SCHWAB, MARTIN C. Electrical Engineer, with Northern 


Electric Co., 15 South St.; resi- 
dence, 1729 Madison Ave., Balti- 
more, Md. 


SCHWABE, WALTER P. Superintendent, Rutherford, Boiling 
Springs and Carlstadt Electric Co., 
Carlstadt, N. J. 

SCHWEITZER, EDMUND Oscar, Electrical Inspector, Chicago 
Edison Co, 139 Adams St.; resi- 
dence, 1906 Oakdale Ave., Chica_o, 
IIl. 


SCIDMORE, FRANK L. With N. Y. C. & H. R. К. К. Co., 
. ofhce of A. F. A.; residence, 2I 
Highland Ave., Yonkers, N. Y. 


ScoTT, WM. M. Electrical Engineer. The Cutter Elec- 
trical and Mfg. Co., 1112 Sansom 
St., Philadelphia, Pa.; residence, 
108 West Johnson St, German- 
town, Pa. 


SEARING, LEWIS Consulting, Mechanical, and Electrical 
Engineer, Denver Engineering 
Works, Denver, Col. 


SEARLES, A. L. Engineering Dept., Fort Wayne Elec- 
tric Corporation, Fort Wayne, Ind. 
SEDGWICK, C. E. Agent at San Francisco Office, General 


Electric Co , 15 First St.; residence, 
Berkeley, Cal. 


SEE, A. B. A. B. See Manufacturing Co., 116 
Front St.; residence, 107 East 19th 
St , (Flatbush), Brooklyn, N. Y. 

SEITZINGER, HARRY M. Consulting and Constructing Engineer, 
6 Northampton St., Wilkes- Barre, Pa. 

SERRELL, LEMUEL WM. Mechanical and Electrical Engineer, 
99 Cedar St., New York City; resi- 
dence, Plainfield, N. J. 


SERVA, A. A. With Fort Wayne Electric Corpora- 
tion, 150 Devonshire St., Boston, 
Mass. 

SHAFFNER, S. C. Supt. and Electrician. Electric Light. 


ing Co. of Mobile, Box, 234, 
Mobile, Ala. 


SHARPE, E. C. John A. Roebling's Sons' Co., 25 Tre- 
mont St , San Francisco, Cal. 
SuaAw, Howarp BURTON Assistant Professor Electrical Engi- 


neering, Missouri State University, 
Columbia, Mo. 
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Date of Election 


june 20, 


Sept. 22, 


Jan. 17, 


Feb, 23, 


Nov. 18, 


May 19 


Feb. 15, 


Dec. 18, 


June 23, 


April 3, 


1894 


1891 


1893 


1898 


1896 


1896 
1899 


1895 


1897 


1888 


April 18, 1894 


Feb. 23, 
Jan. 17, 
Sept. 20, 
Nov. I, 
Dec. 20, 
Aug. 13, 
Feb. 26, 
April 28, 


1898 


1893 


1893 


1887 


1893 


1897 


1896 


1897 


ASSOCIATE MEMBERS 805. 


Name. A ddress. Date of Election. 

SHIELDs. W. J. Consulting Engineer, New Wilming- 
ton, l'a. Sept. I9, 1894 

SHOCK, Tuos. A. W. Gen'l Sup't Portland General Electric 
Co., Portland, Or. Mar. 20, 1895 


SIMPSON, ALEXANDER B. Electrical Engineer, 54 Maiden 

Lane, N. Y. City; residence, 

Whitestone, L. I. May 21, 189r 
SIMPSON, J. MANLEY Assistant Superintendent, Nortwestern 

Grass Twine Co., Р. О. Box 2513, 

St. Paul, Minn. Jan. 25, 1899. 


SisE, CHARLES Е. President, Bell Telephone Co., of 

Canada, P. O. Box 1918, Montreal, 

Canada. June 8, 1887 
SKIRROW, Јонм Е. Ass't Manager, Postal Telegraph Cable 

Co., New York City; residence, 183 

N. 19th St , East Orange, N. J. Sept. 25, 1895 


SLADF, ARTHUR J., Ph.D.” Engineer, 44 Broadway; residence, 
62 East 66th St., New York City. Sept. 19, 1894. 


SLATER, FREDERICK R. Designing l'epartment, Otis Bios. & 

Co.. 153 Warburton Ave., Yonkers, 

N. Y. Oct. 17, 1894. 
SMITH, FRANK E. Chief Electrician, San Francisco Gas 

and Electric Co., 22g Stevenson 

St.; residence, 418 Eugenia Ave., 

San Francisco, Cal. Sept Ig, 1894: 
SMITH, HAROLD BABBITT Professor of Electrical Engineering, 

Worcester Polytechnic Institute; 

residence, Trowbiidge Road, Wor- 

cester, Mass. Nov. 24, 1891 
SMITH, J. BRODIE Supt. and Electrician. Manchester 

Electric Light Co., 142 Merrimack 

St., Manchester, N. H. Mar. 21, 1894. 


SMITH, J. ELLIOT Superintendent Fire Alarm Telegraph, 
122 W. 73d St., New York City. April 15, 1884. 


SMITH, OBERLIN President and Mechanical Engineer, 

Ferracute Machine Co., Lochwold, 

Bridgeton, N. J. May 19, 1891 
SMITH, T. JARRARD Manufacturers and Inventors' Electric 

Co., 96 Fulton St., Tel. 838 John, 

New York City; residence, Roselle, — 

N. J. April 19, 1892 


SPEED, BUCKNER Fort Pickens, Pensacola, Fla. Apr. 22, 1895. 
SPENCER, PAUL Gen’! Sup't, People's Light and Power 

Co., Newark, N. J.; residence, 

Montclair, N. J. Nov. 30, 1897 
SPENCER, THEODORE With Bell Telephone Co., 406 Market 

St., Philadelphia, Pa. Mar. 21, 1893. 
SPERLING, R. H. Assistant Engineer, British Columbia 

Electric Railway Co., Ltd., Victoria, 

B. C. Nov. 23, 1898 
SPROUT, SIDNEY S. Electrical Engineer, 328 Montgomery 

St., San Francisco, Cal. Jan. 17, 1894 


Squier, GEORGE O., PA.D. 1st Lieut., 3d Artillery, Chief 
Signal Office, War Department, 
Washington, D. C. Мау. 19, 189r 
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Name. 
STADELMAN, WM. A. 


STAHL, TH. 


STAKES, D. FRANKLIN 


STANTON, CHAS. H. 


STEVENS, J. FRANKLIN 


ASSOCIATE MEMBERS 


Address. 


Agent, Elwell-Parker Co., 26 Cortlandt 
St., New York City. 


Ingenieur des Usines du Creusot, 34 
Avenue Thiers, Grenoble, France. 


Electrical Expert and Salesman, The 
Fort Wayne Electric Corporation, 
tot The Bourse, Philadelphia, Pa. 


With C. H. & H. Stanton Electrical 
Contractors, 1517 Walnut St.; resi- 
dence, 134 S. 3d St., Philadelphia, Pa. 


Manager, Keystone Electrical Instru- 
ment Co., gth St. and Montgomery 
Ave.; residence, 1610 Spruce St., 
Philadelphia, Pa. 


STEWART, ROBERT STUART Westinghouse Electric and Mfg., 


STEWART, W. M. 


STINE, WILBUR M. 


STOCKBRIDGE, GEo. Н. 


STONE, CHARLES A. 
STONE, JOSEPH P. 


STORER, NORMAN W, 


STORRS, PRoF. Н. A. 


STRATTON, ALEX. 


STRAUS, THEODORE E. 


STRAUSS, HERMAN A. 


STRONG, FREDERICK G. 
STURTEVANT, CHARLES L. 


SULLIVAN, EDWARD 
SUMMERS, LELAND l. 


SWANN, JOHN JOSEPH 


(21) 


Co., 440 Jefferson Ave., Detroit, 
Michigan. 


District Inspector, New York Tele- 
phone Co., 30 Gold St., New York 
City. 

Professor of Engineering, Swarthmore 
College, Swarthmore, Pa. 


Patent Attorney, 120 Broadway ; 
residence, 2514 1rth Ave, near 
187th St., New York City. 


With Firm of Stone & Webster, 4 
P. O. Sq., Boston, Mass. 


Electrical Engineer, Bailey. Walker, 
& Co., Buenos Aires, A. R. 


Electrical Engineer, Westinghouse 
Electric and Mfg. Co., residence, 
Amber Club, Pittsburg, Pa. 


Professor of} Electrical Engineering, 
University of Vt., Burlington, Vt. 


Assistant Electrical Engineer, C. & C. 
Electric Co., Garwood, N. J.; Box 
516 Westheld. N. J. 


Electrical Engineer, residence, 1213 
Linden Avenue, Baltimore, Md. 


Consulting Electrical Engineer and 
Electrical Expert, 54 Maiden Lane 
and 29 Liberty St; residence, 201 
W. 12151 St., New York 


Box, 959, Hartford, Conn. 


Patent Attorney, Atlantic Building, 
Washington, D. C. 


Electrical Inspector, Municipal Build- 
ing, Brooklyn, N. V. 

Electrical Engineer, 441 The Rookery, 
Chicago, Il. 

Ass's'ant Editor, Engineering News, 


220 Broadway , residence, 12 East 
47ih Street, New York, 


Date of Election. 


Feb. 7, 
Nov. I5, 
Jan. 20, 
Mar. 20, 
Sept. 19, 
Dec. 20, 
Mar. 25, 
May 15, 
May 24, 
May 19, 
Dec. 18, 
Dec. 18, 
Mar. 2t, 
Mar. 20, 
Nov. 18, 
Oct. 17, 
Oct. 27, 
Dec. 20, 
Feb. 26, 
Feb. 160, 
Jan. 26, 


1890 


1892 


1897 


1895 


1894 


1896 


1896 


1894 


1887 
1891 


1895 


1895 


1893 


1895 


1896 


1894 
1891 


1893 
1896 


1892 


1898 


- 


Name. 


ASSOCIATE MEMBERS 


Address. 


SVENTORZETZKY, САРТ. LoUDOMIR Military Engineering Acad- 


emy, St. Petersburg, Russia. 


SWENSON, BERNARD VICTOR Assistant Professor of Electrical 


Sweet, HENRY N. 


Swoore, C. WALTON 


SYKES, HENRY Н. 
TACHIHARA, JIN 
TAIT, FRANK M. 


TAPLEY, WALTER H. 


TAYLOR, IRVING А. 


Engineering, University of Wiscon- 
sin, 606 Francis St., Madison, Wis. 

Chief of Patent Bureau, Thomson 
Electric Welding Co., 4 Spruce St, 
Boston, Mass. 

Instructor, Electrical Engineering, 
Spring Garden Institute ; residence, 
12 North 38th St , Philadelphia, Pa. 

Chief Engineer, Bell Telephone Co., of 
Mo., Telephone Bldg., st. Louis, Mo. 

Electrical Engineer, Mining Dep't, 
Mitsu Bishi Co., Tokyo, Japan. 

Superintendent, The Somerset Lighting 
Co., Somerville N. |. | 

Electrician in Government Printing 
Office, care of Public Printer, Wash- 
ington, D. C. 

Lachine Kapids Heating and Lighting 
Co., McCord and Seminary Sts., 
Montreal, P. Q. 


TEMPLE, THAM СнА$Е Mechanical and Electrical Engineer, 


TESLA, NIKOLA 


Bank of Commerce Bidg., Pittsburg, 
Pa. 

Electrical Engineer and Inventor, 46 
E. Houston St., The Gerlach, 53 
W. 27th St., New York City. 


THAYER, GEORGE LANGSTAFF,A/. Æ., Manager, Bele Plaine 


Electric Light Co , Belle Plaine, Ia. 


THOMAS, ROBERT MCKEAN, £. E. Member of the firm of 


THOMPSON, ALFRED J. 


THOMPSON, JOHN WEST 


Thomas & Betts, r4t Broadway; 
residence, 135 Madison Ave., New 
York City. 

Manager, Electrical Dep't. Krajewski- 
Pesant Company, O'Reilly 15, 
Havana, Cuba. 

Supt, Cia de Luz'y Fuerza Motriz 
Electrica, Guadalajara, Mexico. 


THOMPSON, SILVANUS Р. Morland, Chislett Road, West Hamp- 


stead, London, N. W., England. 


Тномрѕох, THOS, PERKIN Electrical Laboratorian, Brooklyn 


Navy Yard ; residence, 217 Cumber- 
land St., Brooklyn, N. Y. 


THORDARSON, CHESTER Н. Manufacturing Electrican, 327 


THURBER, HOWARD F. 


TOERRING, C., JR. 


TOLMAN, CLARENCE M, 


(21) 


Dearborn St.; residence, 6415 Lex- 
ington Ave., Chicago, Ill. 

General Superintendent, New York 
‘Telephone Co., 18 Cortlandt Street, 
New York City; residence, 49 Sidney 
Place, Brooklyn, N. Y. 

Electrical Engineer, Helios Electric 
Co., 3214 Arlington Avenue., Phila- 
delphia, Pa. 


Electrical Engineer, with Edw. С. 
Stoiber, Silverton, Colo. 
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Date of Election. 


Sept. 20, 1893 


Feb. 27, 
May 20, 
Jan. 26, 
Oct. 18, 
Jan. 26, 
Sept. I9, 
Oct. 25, 
May 17, 
May 3, 
June 5, 
Aug. 5, 
April 22, 
Jan. 25, 
Sept. 28, 
Oct. 27, 
Jan. 25. 
Dec. 18, 
Mar. 25, 
April 18, 
April 27, 


1895 


1890 


1898 
1893 


1898 


1894 


1892 


1898 


1887 


1888 


1896 


1896 


1899 
1593 


1897 


1899 


1895 


1896 


1894 


1898 


808 ASSOCIATE MEMBERS 


Address, 


Engineering Dep't, The Edison Elec. 
Itluminating Co., 53 Duane Street, 
New York City. 


Electrical Engineer, The Sherwood 
Land Co., and The Jefferson Hotel 
Co., 704 E. MainSt., Richmond, Va. 


Attorney and Expert 
Cases, I4I 
City. 


Name 
TORCHIO, PHILIPrO 


TOWER, GEORGE A. 


іп Electrical 
Вгоаа лау, New York 


TOWNSEND, HENRY C. 


TOWNSEND, SAMUELG. F. Assistant in Electrical Engineering, 
Columbia University ; residence, 131 


Fifth Ave., New York City. 


E. Е, Ass't. Business M’g’r. 
New York Office, Electric Storage 
Battery Co., 20 Broad St, New 
York City; residence, 488 3d St., 
Brooklyn, N. Y. 


Counsel and Technical Engineer, of 
the Compagnie des Transports Elec- 
triques de l'Exposition. Paris, 
France; residence, 16 rue Ganneron, 
Paris, France. 


TREADWELL, AUGUSTUS, JR. 


TRIPIER, HENRI 


Beer, 
Eng. 


Ткотт, A. Н. HARDY 


Devonshire, 
{Life Member.] 


near Axminster, 


TRUESDELL, ARTHUR E. Assistant to General Superintendent. 
Peoples Light and Power Co, 443 
4th Ave. Newark, N. J. 


TURNBULL, WALLACE RUPERT. Foreman of Experimental Room, 
General Electric Lamp Works ; 
residence, 29 S. Arlington Ave., 
East Orange, N. J 


TvNc, FRANCIS E. Manager, Eastern Engineering Co., 


New York; residence, Cranford,N.J. 


26 Cortlandt St., New York City. 


Electrician and Electrical Contractor, 
9 & 1I Green St., Albany, N. Y. 


Sawyer-Man Electric Company, 125 
Robinson St., Allegheny, Pa. 


626 Lexington Ave., New York 


VAIL, THEO. N. 
VAN BuREN, GURDON C. 


VANDEGRIFT, JAMES A. 


VAN DEVENTER, CHRISTOPHER 
City. 


President, Van Vleck Tramway Co., 
Wells Fargo Bldg., Los Angeles, 
Cal. 


VAN VLECK, JOHN FALCONER Constructing Engineer, The Edi- 
son Electric and Illuminating Co. of 
New York; residence, Glenridge, N. J. 


VAN Wyck, PHILIP V, R., JR. Plainfield, N. J. 


VARLEY, THOMAS W. Electrician, United Electric Light and 
Power Co., 210 Elizabeth St., New 
York City. 


VAN VLECK, FRANK 


VARNEY, WILLIAM WESLEY City Commissioner of Baltimore, 
ofhce, City Hall; residence 712 
N. Carey St., Baltimore, Md. 


(19) 


Date of Electiom 


June 


May 


July 


Jan. 


27, 1895 


15, 1894 


Io, 1888 


20, 1897 


Feb. 21, 1894. 


Sept. 28, 


Jan. 


20, 


Feb. 15, 


May 17, 


Dec. 28, 
April 15, 
Oct. 25, 


Nov. 24, 


Feb. 17, 


Nov. 16, 


Aug. 5, 


April 21, 


Sept. 19, 


Nov. 21, 


1898 


189k 


1899 


1898 


1898 
1884 


1892 
1895 


1897 


1886 


1896 
1891 


1894 


1893 


Name. 
VENABLE, WM. MAYO 


VINTEN, ERNEST STILES 
Уот, рк. Ernst 


VOSMAER, ALEXANDER 


VREELAND, F. K. 


WAGNER, HERBERT А. 


WALKER, ARTHUR F. 


WALLACE, CHAS, F. 


WALLACE, WILLIAM 
WARDLAW, GEORGE А. 
WARING, RICHARD S. 


WARNER, CHAS. H. 


WARREN, ALDRED К. 


W ASON, CHAS. W. 


WATERMAN, Marcus B. 


WATERS, EDWARD G. 


WEBB, HENRY STORRS 


WEBSTER, EDWIN S 


WEISE, WILL M. T. 


(19) 


ASSOCIATE MEMBERS. 


Address. 


Headquarters 2d U.S. Vol. Engineers, 
Camp Columbia, Marianao, Cuba. 


D:aughtsman, Walker Co., New 
Haven, Conn.; residence 89 Pearl 
St., New Haven, Conn. 


Professor of Electricity, Technical 
University, Schwanthalerstrasse, 
Munchen, Germany. 


Electrical, Mechanical, Chemical En- 
gincer, Director Electrical Research 
Laboratory, Zijiweg 49, Haarlem, 
Holland. 


Asst Engineer, Crocker-Wheeler 
E'ectric Co , residence, 228 Orange 
Road, Montclair, N. J. 


Gen. Supt., Missouri, Edison Elec- 
tric Co., and also with Wagner Elec- 
tric Mfg. Co., 415 Locust St., St. 
Louis, Mo. 


Sup't and Electrical Engineer, Edison 
Light Co., Grand Rapids, Mich. 


Engineer, Stone and Webster, 4 P. O. 
Square. Boston, Mass ; residence, 
62 Forest Street, Roxbury, Boston, 
Mass. 


Washington, D. C. 
[Address unknown. ] 


Standard Underground Cable Co., 61 
Westinghouse Bldg., Pittsburg, Pa. 


Consulting Electrical Engineer, Bowl- 
ing Green Building, New York City. 


Proprietor, A. K. Warren & Co., 451 
Greenwich St., New York; residence 
New Brighton, N. Y. 


President and Purchasing Agent, 
Cleveland, Painesville and Eastern 
R. R., Purchasing Agent Akron, 
Bedford and Cleveland R. R., 616 
Garfield Bldg., Cleveland, O. 


Electrical Engineer, Brewster Engin- 
ecring Co., NewYork'City :residence, 
177 Lefferts Place, Brooklyn, N. Y. 


General Electric Co., 44 Broad St., 
New York City. 
Department Electrical Engineering, 


Lehigh University, South Bethlehem, 
Pa. 


Firm of Stone & Webster, 4 Р. О. 
Sq.. Boston, Mass. 


Manager, Weise Bros., Library Build- 
ing, Davenport, Iowa. 
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Datc of Election. 


Nov 30, 


April 


Mar. 


Oct. 


sept. 


Oct. 


Nov. 
April 


Jan. 
April 


Dec. 


Nov. 


27, 


21, 


. 18, 


20, 


20, 


19, 


I5, 


18, 


1897 


1898 


1894 


1898 


1895 


1896 
1884 
1894 


1884 | 


1893 


1895 


1891 


1899 


1890 


1895 


I8gI 


. 1897 


810 ASSOCIATE MEMBERS. 
Address. 


Manufacturer, 46 Avenue de Breteuil, 
Paris, France. 


Name. 
WELLES, FRANCIS К. 


Assistant in Physics, Columbia Uni- 
versity, New York ; residence, 109 
Willow St., Brooklyn, N. Y. 


Engineer, Handjery St., 58 Friedenau, 
Berlin, Germany. 


Weis, DANA CLEMMER 


WEsT, JuLtus HENRIK 


WHITAKER, S. EDGAR Electrical Engineer andContractor, 135 


Shurtleff St., Chelsea, Mass. 


Public Schools Sup’t, and Instructor 
їп Physics and Chemistry, Lake 
Linden, Mich. 

J. G. White & Co., Electrical Engi- 
neers and Contractors, 29 Broadway, 
New York City. 

Electrical Engineer, Riker Electric 
Motor Co., 45 York St., Brooklyn, 
М. Y.; residence, Stamford, Conn. 

_ Electrical Engineer, General Electric 
Co., Edison Building, Box 3067, 
New York City. 

81 Milk St., Boston, Mass. 


WHITE, Снаѕ. G. 


WHITE, J. G. 


WHITING, ALLEN H. 


WHITMORE, W. G. 


WHITNEY, HENRY M. 
L Life Member. ] 


WuITTED, THos. Вүкр Electrical Tester, The General Electric 
Со. ; residence, 211 State St., Schen- 


ectady, N. Y. 

Electrical Engineer, 48 Cliff Street, 
New York; labor tory, 329 Orange 
5t, N. T. 

City Electrician of Alameda, 
Haight Ave., Alameda, Cal. 

Electrical Engineer, The Staten Island 


Midland Railway Co., Room 102, 
Times Building, N. Y. City. 


WIEDERHOLD, OSCAR 


WIESE, GUSTAV ADOLPH 718 


WIGHTMAN, MERLE J. 


WiLEY, WALTER S. Engineer, with the American Water- 
works, 1107 No. 4oth St.. Omaha, 


Neb. 


Station Manager. Chief Engineer, 
Consolidated Electric Light Co., 
812 South rgth St., Birmingham Ala. 


WILKINSON, JAMES 


WiLEY, WM. Н. Scientific Expert, 53 E. roth St., New 
York City. 

General Inspector, The Edison Elec- 
tric Illuminating Co., cf New York; 
residence, 155 Linden Boulevard, 
Brocklyn, N. Y. 


Electrician. 1 Arlington Street, East 
Somerville, Mass. 


WiLLIAMS, GEO. Henry District Supt. The Edison & Swan 
United Electric Co., Ltd., 134 Royal 
Avenue ; residence, Culmore, Glen- 
burn Park, Belfast, Ireland. 


WILLIAMS, WILLIAM HENRY Professor of Mechanical and Elec- 
trical Engineering. Montana State 
College, Bozeman, Mont. 


WILLIAMS, ARTHUR 


WILLIAMS, CHARLES JR. 
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Date of Election 


Sept. 6, 1887 


April 28, 1897 


Sept. 20, 1893 


Aug. 5, 189 


Sept. 23, 1896 
April 2, 1889 
Nov. 18, 1896 


Mar. 
July 


18, 189c 
I2, 1887 


Mar. 22, 1899 


Aug. 13, 1897 


Sept. 25, 1895 


Mar. 5, 1889 


April 18, 1894 


Nov. 23, 1898 


Feb. 7,1888 
June 23, 1897 
April 15, 1884 


Oct. 27, 1897 


Sept. 28, 1898 


ASSOCIATE MEMBERS. 


Name. 
WILLIS, EDWARD J. 


Address, 
Supt. Richmond Traction Co., Rich- 
mond, Va. ` 
Chief Enzineer, The Milwaukee Elec- 


tric Railway and Light Co., 451 
Broalway, Milwaukee, Wis. 


WILSON, CHESTER P. 


РА 


WILSON, ROBERT M. Faculty of Applied Science, McGill 
University ; residence, 113 Shuter 


St , Montreal, P. Q. 


WINAND, PAUL A. N. Engineer and  Supt.,  Schleicher, 
| Schumm & Co., 3200 Arch St., 


Philadelphia, Pa. 
WINCHESTER, SAMUEL B. 9 Laurel St., Holyoke, Mass. 


WINFIELD, JAMES H. Sup't Eastern Division, Nova Scotia 
Teiephone, Ltd., New Glasgow, 


N. 5. 


The General Traction Company, Ltd., 
35 Parliament Street, Westminster, 
London, Eng. 


‘WINSLOW, I. E. 


Theorist, 36 Pine St., Cable address, 
"Atlantic Scrip," New York City, 
and 153 Henry St , Brooklyn, N.Y. 


"NINTRINGHAM, J. P. 


| Engineer, Supply Department, General 
Electric Co., Schenectady, N. Y. 


WISE, JOHN SHREEVE, JR., Electrician The Pa. Mfg. Light and 
Power Co.: residence, 2023 Mt. 
Vernon St., Philadelphia, Ра. 


Wirt, HERBERT C. 


WooD, ARTHUR J. Associate Editor, Railroad Gazette, 32 


Park Place, New York City. 


Woop, Екер. W. General Manager, Los Angeles Rail- 


way Co., Los Angeles, Cal. 
WOODBRIDGE, J. E. Editor American Electrician, 120 

Liberty St., New York City. 
WooDwWARD, W. C. Electrical Engineer, Narragansett 


Electric Lighting Co.; residence, 21 
Arlington Ave., Providence, R. I. 


Woopwor TH, GEO. К Office of the Engineering Commission, 
District Building; residence, 1424 S 


St, №. W., Washington, D. C. 
Electrician and Inventor, The Electro- 
zone Co , 415 Lexington Ave., New 
York City. 
Departamento de Construction, F. C. 
D., 12 Santa Clara, Mexico City. 


WOOLF, ALBERT E. 


Worswick, A. E. 


Wotton, JAMES A. Electrician, Southern Bell Telephone 


and Telegraph Co., P. O. Box, 218, 


Atlanta, Ga. 

Wray, J. GLEN Assistant Engineer, Chicago Tele- 
phone Co., 1651 Fletcher Ave., 
Chicago, Ill. 

"WyBRo, HARRISON C. Electrical Engineer, Wybro-Hendy 


Co., 38 Fremont St., San Francisco, 
Cal. 


(20) 


Date of 


Nov. 


Nov. 


Feb. 


Sept. 


Sept. 


Oct. 


Sept 


811 


Election. 


30, 1897 


25, 1895 


. 25, 1899 


20, 1894 
15, 1894 


I7, 1893 


. 12, 1889 


7, 1889 


26, 199t 


. I5, 1399 


. 28, 1898 


I7, 1898 


26, 1898 
I8, 1896 
17, 1897 


16, 1890 


20, 1893 
27, 1897 
20, 1893 


18, 1895 


812 ASSOCIATE MEMBERS. 


Name. Address. Date of Election. 
YARNALL, VERNON H. Superintendent of Construction, Met- 
ropolitan Electric Construction Co., 


| 20 Broad St., New York City. May 16, 1893 
YovNG, CHARLES I. . Electrical Engineer, Westinghouse 
Elec. & Mfg. Co., Land Title Bldg., 
Philadelphia, Pa. June 27, 1895 
YsLAS, CARLOS Electrician of Railway in Jalapa, Vera 
Cruz, Mexico. Nov. 18, 1896 
ZAHM, A. WILFORD Electrical Engineer and Supt., Man- 


hattan Light, Heat and Power Co., 
Manhattan Building, St. Paul, Minn. Nov. 23, 1898 


ZALINSKI, EDMUND L. Captain of Artillery, U. S. A., 
(retired), The Century, 7 West 43d 
St., New York City. May 17,1887 


ZIMMERMAN, LAURENCE J. Electrical Engineer and Inventor, 
232 Schenck Street, Brooklyn, N. Y. Mar. 21, 1893 


(6) 


Associate Members, - - e 768. 


OFFICIAL STENOGRAPHER 


RYAN, RICHARD W., Room 178, Post Office Building, Telephone, 2787 Cort- 
landt. Residence, 125 W. 80th St., New York City. 


SUMMARY. 

Honorary Members, E^. d мош. ww» % 2 
Members, - <- - - - + + - = 363 
Associate Members, - - - . . - - 768 

Total - - - 1133 
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